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This dissertation empirically examines subsidies, aquaculture technology adoption, 
and welfare implications of fish farming households in Ghana and Kenya. It is divided into 
three separate chapters, each addressing a specific empirical issue related to aquaculture in 
the countries. 
The second chapter of this dissertation applies the lognormal double hurdle model 
to a cross-section of fish farms to analyze commercial demand for improved feed, and 
whether the government feed subsidy program influences private demand for the feed. The 
results indicate that households’ decisions to participate in improved feed market are 
affected by the quantity of the subsidized feed received. Once the participation decision 
has been made, the paper finds evidence of crowding-in of the private improved feed sector; 
that is, the government’s allocations of subsidized feed appear to increase private sector 
demand. In addition, the price of improved feed influences demand negatively. Moreover, 
education, extension contacts, and ease of marketing matured fish increase household 
propensity to purchase improved feed commercially. The implications of these are that 






feeds and feed ingredients will foster demand for the feed, as will policies that facilitate 
marketing of fish at reasonable prices by households. 
 Chapter three uses the same survey dataset as in chapter one, to examine the impact 
of improved feed technology on fish income and poverty, using the propensity score 
matching technique. Propensity score matching (PSM) analysis allowed for creating a 
counterfactual comparison group, given that households were not randomly assigned to 
improved feed adoption group, resulting in selection bias. The results indicate that 
improved feed technology adoption increases aquaculture income and reduces poverty 
among fish farming households. Specifically, the income effect of the technology is 23 – 
37 percent, with resultant poverty reduction effect of 19 – 23 percentage point. The 
percentage and absolute impacts are higher among households operating small fish farms 
(average of a single pond).   
 Chapter four combines the methodological approaches for chapter one (double 
hurdle model) and chapter two (propensity score matching) to examine the determinants of 
adoption and extent thereof, and welfare impacts of improved feed in Ghana using a cross-
sectional data of fish farming households. The study focuses on the Ashanti, Brong Ahafo, 
and Western regions of Ghana. The data shows that the quantity of improved feed 
purchased and used on-farm is far below what is technically recommended for maximum 
yield. The results of the PSM analysis provide evidence that improved feed technology 
increases fish income, as well as reduce poverty among fish farming households in the 
three regions studied. Moreover, in order to foster adoption and intensity thereof in Ghana, 
the results indicate that improving education, extension services delivery, and area under 






CHAPTER ONE: INTRODUCTION 
1.1 General Introduction 
There is increasing effort to integrate aquaculture into traditional farming systems 
in most developing countries. This integration has the potential of improving the 
livelihoods of rural smallholder households through food and nutritional supply, 
employment, social network, and wealth (Murshed-E-Jahan and Pemsl 2011; Government 
of Kenya 2009; Amare et al. 2012; Mendola 2007). According to the FAO, fisheries and 
aquaculture provided livelihoods for an estimated 54.8 million people engaged in the 
primary sectors of fish production in 2010. An estimated 7 million of these were occasional 
fishers and fish farmers. In the last seven years, the number of people engaged in 
aquaculture has increased by 5.5 percent annually, compared with 0.8 percent for capture 
fisheries. This notwithstanding, capture fisheries still account for a greater proportion of 
fish supply in Africa (FAO 2012). 
The main challenges facing pond fish farming in Africa include lack of quality 
feeds and seeds, poor market access, lack of capital, and poor technical knowledge of best 
management practices (BMPs) in aquaculture. Overcoming these constraints continues to 
be a challenge for farmers, governments and development partners. Nonetheless, the 
USAID’s Aquaculture Innovation Lab1  had a joint effort with the Ministries of Fisheries 
                                                 






and Aquaculture Development in Ghana and Kenya to promote BMPs to fish farmers in 
these countries through workshops and field demonstrations. Commercially formulated 
pelleted floating feed (hereafter improved feed) was one of the technologies promoted in 
these countries. The promotion of the BMPs occurred over the period 2010 to 2013. 
Particularly in Kenya, the promotion of the feed technology coincided with the 
government’s economic stimulus program (ESP) that had aquaculture as one of the focus 
sectors. The aquaculture component of the ESP had, as one of its focus areas, improved 
feed subsidy. The aquaculture ESP emphasized the use of improved fish feed and quality 
fingerlings in aquaculture to develop the sector’s potential for creating wealth, employment, 
and food security. These notwithstanding, very little is known regarding adoption and 
intensity of adoption of the improved feed technology, and the impact of adoption on 
household welfare in Ghana and Kenya. Moreover, it is unclear whether the Kenya 
government’s feed subsidy program influences household decisions to adopt the 
technology and the extent of the impact, making the current study relevant in that respect. 
The foregoing raises the following questions: What are the factors influencing 
adoption and intensity of adoption of improved fish feed technology in Ghana and Kenya? 
Specifically for Kenya, does the government’s feed subsidy program affect households’ 
decisions to purchase improved feed commercially, and the quantity actually purchased? 
What are the impacts of the technology on household welfare in these countries? These are 
the questions that this dissertation addresses. The goal of this dissertation therefore is to 
examine the determinants of improved feed adoption, and the welfare implications for fish 
farming households in Ghana and Kenya, and the role that the Kenya government’s feed 






Specifically, the dissertation has been divided into three main chapters, each focusing on a 
specific issue related to improved fish feed technology. The second chapter examines 
household demand for improved fish feed technology in the presence of a feed subsidy in 
the Western and Rift Valley regions of Kenya. In chapter three, the impact of improved 
feed technology on fish income and poverty headcount in Kenya is examined using 
propensity score matching techniques. Finally, chapter four looks at an aquaculture 
technology adoption, and welfare impacts in Ghana. In what follows, a summary of each 
chapter is presented. The summaries highlight the objective, contribution, analytical 
frameworks, results, and policy implications of each chapter. The summaries are 
immediately followed by the sources of data used for each analysis, as well as some specific 
caveats that must be emphasized in the context of this dissertation. 
A conclusion chapter is also presented, which contains the main conclusions, policy 
implications and recommendations, limitations of the study from the three main chapters. 
A cross-country comparison of the results from the two countries is also made in the 
concluding chapter. 
 
1.2 Demand for Improved Fish Feed in the Presence of a Subsidy: A Double-
Hurdle Application in Kenya 
 
This chapter examines fish farming households demand for improved fish feed in 
the presence of a subsidy program, focusing on Western and Rift Valley regions of Kenya. 
There are a number of reasons why this paper is important. First, there is a myriad of 
literature examining market participation and the extent thereof for agricultural 






Kenya in particular. Second, for long term sustainability of aquaculture operations in 
Kenya, especially with huge government financial commitments, it is vital to document the 
impact of the subsidy program on demand for the input, as well as possible pathways to 
stimulate private demand for improved feed, once the subsidy program is halted.  
To give context to this chapter, the AquaFish Innovation Lab in collaboration with 
the Ministry of Fisheries and Aquaculture Development promoted improved feed 
technology to fish farmers in the Western and Rift Valley regions of Kenya through 
workshops and field pond demonstration. The promotion of the technology coincided with 
the government’s economic stimulus program, especially the aquaculture component. The 
feed component of the ESP continued into the 2013 production year, though the 
distribution did not reach all farming households in the program. In an attempt to model 
household commercial demand for the feed, it is important to account for the potential 
endogeneity of the subsidized feed in a structural improved feed demand model.  
 Fish farming households’ decisions to purchase improved feed and the quantity 
actually purchased are explained by a number of demand and supply side factors. 
Households’ decisions to purchase a new technology is generally motivated by profit, 
assuming household production and consumption decisions are separable. Assuming 
separable production and consumption decisions of the household, the first order 
conditions of farm profit function gives the optimal quantity of the input, which is 
explained by input and output prices. In Kenya as in most developing countries where 
markets are imperfect, however, households’ consumption and production decisions are 
non-separable. Thus, household sociodemographic factors may influence their decision to 






In the Western and Rift Valley regions of Kenya, some households did not 
participate in the market for improved feed in the 2013 production year, given differences 
in prices, transaction costs, and household sociodemographic characteristics. For this 
reason, a model that treats zeros as optimal demands rather than as missing data is 
employed (Coady 1995; Cragg 1971). The chapter, therefore, uses a corner solution 
modeling framework that treats zeros as optimal quantity choices by non-participating 
households. 
 In order to control for the potential endogeneity of subsidized feed acquisition on 
household demand for improved feed, the control function approach is used in a two stage 
estimation procedure. In the first stage, a Tobit model examining the determinants of the 
quantity of subsidized feed acquired by the household is estimated using the number of 
years that the household head has resided in the current community as an instrument. 
Residuals from the first stage Tobit model were obtained and included in the second stage 
structural model for improved feed demand. The second stage involves the estimation of a 
lognormal double hurdle (DH) model, with the residual and the subsidized feed quantity 
included as additional covariates. The first hurdle identifies the determinants of household 
decision to participate in improved feed market. The second hurdle then examines the 
factors influencing the quantity of improved feed purchased commercially, once the 
decision to purchase has been made.  
 Results indicate that subsidized feed acquisition is endogenous in the structural 
demand for improved feed, and therefore has to be taken into account when examining 
household demand for improved feed in the Western and Rift Valley regions of Kenya for 






improved feed and the quantity actually purchased are influenced by the quantity of 
subsidized feed received. A kilogram of improved feed received by the household reduces 
their propensity to participate in the market by 0.20 percent. For the quantity purchased, a 
kilogram of subsidized feed received increases the quantity of improved feed purchased by 
0.90 percentage point, ceteris paribus. Thus, we find evidence of crowding-in of subsidized 
feed on demand for improved feed in Western and Rift Valley regions of Kenya. 
Moreover, fish farming households’ decision to purchase improved feed is 
influenced by education, fish farm size, extension contact, difficulty in marketing matured 
fish, and ownership of cattle. All the variables that significantly influence market 
participation have the expected signs. Households that experience difficulty marketing 
farmed fish are less likely to participate in improved feed market. Furthermore, regular 
contact with extension agents raises the likelihood of purchasing improved feed from the 
market, as would additional year of education.  
 
1.3  Impact of Aquaculture Feed Technology on Fish Income and Poverty in 
Kenya 
 
The objective of this chapter is to examine the impact of improved feed technology 
on fish income and poverty among fish farming households in the Western and Rift Valley 
regions of Kenya, using a propensity score matching technique. The chapter is relevant for 
a number of reasons. First, no study has used the propensity score matching technique to 
examine the impact of adopting improved feed technology in Kenya. Moreover to the best 






Kenya, especially since the implementation of the aquaculture ESP. Thus, the study is able 
to establish the link between aquaculture technologies adoption and poverty reduction in 
Kenya. 
The definition of adoption (treatment) in this paper is fairly restrictive, and refers 
to households that purchased improved feed commercially. It must be re-emphasized that 
some households received subsidized feed from the government in the 2013 reference 
period, and therefore this definition of adoption implies that households who received 
subsidized feed from the government in the reference year, but made no purchases 
commercially are considered non-adopters. This is necessary to allow for considering only 
households who made monetary commitment to the technology as adopters. 
Households’ adoption of improved feed technology is not random, but based on 
individual household characteristics and other technical factors. Thus, there is self-
selection of households into adoption category, thereby creating a problem of selection bias. 
The implication is that empirical analysis that evaluates the impact of the technology on 
household wellbeing, without taking into account the fact that households were not 
randomly assigned to an adoption cohort, will lead to biased and inconsistent estimates. 
Selection bias is a major methodological challenge in evaluating the impact of a program 
where participants are not randomly assigned to treatment.  
To overcome this methodological challenge, the PSM technique is used to create a 
counterfactual control group. The counterfactual comparison group represents adopters had 
they not adopted the technology, conditional on observed household characteristics. In this 
case, the welfare outcomes (fish income and poverty headcount) of adopters are matched 






improved feed technology status. Both logit and probit models were estimated to generate 
the propensity scores for the matching procedure, and also check the robustness of the 
results to changes in distributional assumptions of the propensity score specification. Since 
the PSM technique matches adopters to non-adopters based on observable characteristics, 
the presence of unobservable factors that affect selection into adoption might undermine 
possible conclusions from the results. Thus, a Rosenbaum bound sensitivity analysis on 
hidden bias was conducted to examine the robustness of the results to changes in 
unobservables. 
Results of the PSM analysis indicate that improved feed technology adoption 
increases fish income and reduces poverty among fish farming households in the Rift 
Valley and Western regions of Kenya. The impacts of the technology are higher among 
households operating small fish farms (average of one pond). Thus, improved feed 
technology is pro-poor, warranting promotion to other countries in the sub-region to 
enhance households fish-farming themselves out of poverty.  
 
1.4 Aquaculture Feed Technology Adoption and Welfare Impacts in Ghana 
This chapter examines the determinants of improved feed technology adoption, and 
welfare implications for fish farming households in Ghana. The study focuses on the 
Ashanti, Brong Ahafo, and Western regions of the country. Two specific issues relevant 
for technology adoption are examined in this chapter. First, the chapter examines the 
determinants of adoption and intensity thereof for improved fish feed technology in the 
study regions. Second, the study examines the impact of the technology on household 






household characteristics. The contribution of this paper is purely empirical, as no study 
has examined the adoption intensity of improved feed, and consequential adoption-induced 
income and poverty effects among fish farming households in these regions.  
Two types of fish feeds are recognized at the fish farm-level in Ghana – traditional 
and improved feeds. The focus of this section is on the adoption of improved feed, and 
whether the technology makes any positive contributions to fish income, and consequently, 
reductions in the number of households whose per capita income falls below a specified 
poverty line. As in Kenya, fish farmers in the study regions of Ghana were introduced to 
improved feed technology through a concerted effort between the AquaFish Innovation 
Lab and the Ministry of Fisheries and Aquaculture Development (MOFAD). The invitation 
of training participants was randomly undertaken, but participants were not randomly 
assigned to the adoption cohort.  
To achieve the main objective of this chapter, two methodological approaches are 
employed. For the determinants of adoption and intensity thereof, the double hurdle model 
is used. The first hurdle estimates the factors influencing households’ decisions to adopt 
the technology, while the second hurdle examines the determinants of the intensity of 
adoption of the technology. The economic impact of improved aquaculture feed technology 
is assessed using the propensity score matching, where fish income and poverty headcount 
are the welfare outcome variables. Overall, 53 percent of the sampled households adopted 
the technology, with uneven spread across the three regions. Moreover, the data shows that 
the share of improved feed in total feed usage in the entire sample is relatively low (27%).  
The results of the double hurdle model indicate that households adoption decisions 







land, credit access, extension contacts, distance from farm to main market, education, 
experience and geographic location of the household. Similarly, the intensity of use of the 
technology is facilitated by education, experience, off-farm involvement, fish farm size, 
extension contact, prices of Tilapia and improved feed, and the regional location of 
households.  
Moreover, the results of the PSM analysis provide evidence that improved fish feed 
has income increasing and poverty reducing effects on households, after controlling for 
observable household sociodemographic characteristics. The results are robust to changes 
in unobservable household characteristics, as well as functional form specification of the 
propensity score. The study recommends providing price incentives to households so as to 
encourage adoption and intensity of use in these regions, and consequently improved 
welfare outcomes. 
 
1.5 Caveats: Some Repetitions 
Note that there are possible repetitions of information across the three chapters. This 
was necessary since the chapters were written as separate manuscripts to enhance 
submission to journals for publication considerations. Possible areas where this might 
occur include background on feed subsidy program, data, and descriptive statistics. 
Chapters two and three use the same dataset, and therefore some descriptive statistics 
appearing in both chapters happens to be the same. Moreover, the conceptual framework 
and estimation techniques used in chapters one and two are also employed in chapter three. 








The dissertation uses cross-sectional survey data obtained through a questionnaire 
administered to fish farming households in Ghana and Kenya.  Prior to the survey, key 
informant interviews were conducted at the national and regional fisheries offices of Ghana 
and Kenya to get a broader perspective on fish farming activities in the two countries. The 
survey in both countries occurred over the period, January through April 2014. The Kenya 
exercise covered the period mid-January through first week of March, while the work in 
Ghana was conducted between mid-March and mid-April. Planning of the data collection 
exercise was undertaken in collaboration with the International Livestock Research 
Institute (ILRI) in Nairobi and the Ministry of Fisheries and Aquaculture Development in 
Kenya.2 Similarly in Ghana, assistance was provided by the Ashanti and Brong-Ahafo 
regional fisheries commissions.  
The questionnaires were pre-tested on 10 households located in the Rift Valley 
region of Kenya. There was, however, no pretesting in Ghana due to time and monetary 
constraints.  Following the observations from the pretesting, and inputs from the national 
and regional fisheries offices in Kenya, as well as the World Fish Center, the questionnaire 
was revised. The surveys were administered by trained enumerators who had local 
understanding of the native languages and have been part of the BMPs project. Emphasis 
was placed on common translation for all enumerators to ensure uniformity and 
consistency in the data collected. These were used as quality control measures for the 
                                                 
2 Funding for data collection came from the Borlaug LEAP office as part of a Borlaug LEAP fellowship. The 
fellowship required a CGIAR collaboration, and I was fortunate to have been hosted by the International 







variables and also to ensure that questions were asked in a manner that respondents would 
understand and respond appropriately with little or no probing.  
The questionnaires solicited information on socioeconomic characteristics of 
households, institutional support for aquaculture operations, farm level outputs and inputs, 
technology adoption and adoption constraints, government program participation in Kenya, 
household assets, and income sources, among other relevant variables.  
It must be noted that all analyses and policy deductions in this study is based on the 
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CHAPTER TWO: DEMAND FOR IMPROVED FISH FEED IN THE PRESENCE 
OF A SUBSIDY: A DOUBLE-HURDLE APPLICATION IN KENYA 
2.1 Introduction 
Agricultural input subsidy programs in Africa have focused mainly on crop 
production inputs – fertilizer and improved seed varieties. Consequently, empirical 
analyses of agricultural input demand in the presence of respective input subsidies have 
concentrated on fertilizer (Jayne et al. 2013; Liverpool-Tasie 2014; Xu et al. 2009; Ricker-
Gilbert et al. 2011), and improved seed varieties (Chibwana et al. 2012; Mason and Ricker-
Gilbert 2013; Smale et al. 2014). This notwithstanding, input subsidy programs have both 
economic and social objectives, targeting poor smallholder households. In some cases, 
input subsidy programs have been designed to enhance corresponding input use and private 
market participation, thereby increasing production, and reducing poverty. Recent 
empirical analyses of the impact of government input subsidy programs on targeted input 
usage and private market participation in Africa, however, reveal conflicting results. Some 
studies have found government input subsidy programs to crowd-out the private sector, 
such that farmers do not participate in the private retail markets for the respective inputs 
(Jayne et al. 2013; Mason and Ricker-Gilbert 2013; Ricker-Gilbert et al. 2011; Xu et al. 
2009). Other studies have found that agricultural input subsidies crowd-in the private sector 







(Liverpool-Tasie 2014; Xu et al. 2009). To some extent, the crowding-out or crowding-in 
effect of an input subsidy program depends on how active the private sector is in a 
particular area. The implication is  that within a country or region, an input subsidy program 
may have both negative and positive effects on farmers’ private market participation (Xu 
et al. 2009).1 
There is little or no evidence of empirical work on the impact of aquaculture input 
subsidy programs in Africa. Kenya has, however, implemented an aquaculture-specific 
input subsidy program in recent years. In 2009, as part of Kenya’s Economic Stimulus 
Program (ESP), the government dedicated about Kshs 1.12 billion (US$ 15 million) to fish 
farming (the aquaculture component of the ESP is hereafter referred to as the aquaculture 
ESP). The aquaculture ESP focused on pond construction, fish feeds and fingerlings supply, 
as well as building producer capacity (Government of Kenya 2009). The aquaculture sector 
in Kenya has seen tremendous positive shift in production following the implementation 
of the aquaculture ESP. For instance, prior to the implementation of the program, Kenya’s 
farmed fish production increased from 1,012 MT in 2003 to 4,895 MT in 2009. Farmed 
fish production, however, rose from the 2009 figure to about 21,487 MT in 2012  (State 
Department of Fisheries 2012). Likewise, the value of aquaculture production increased 
from Kshs 1.041 billion in 2009 to about Kshs 4.634 billion (US$56 million) in 2012. Thus, 
Kenya is among the sub-Saharan African nations that have made rapid progress to become 
                                                 
1 Xu et al. conducted two sets of analyses depending on the level of activity of the fertilizer private sector in 
a given area. They found evidence of crowding-out in areas where the private sector is relatively active and 
incomes are high. On the other hand, fertilizer subsidies increase household demand for fertilizer in areas 







major aquaculture producers in the sub-region – alongside Ghana, Nigeria, Uganda, and 
Zambia (FAO 2012). 
The main goal of the aquaculture ESP was to improve nutrition and create 
employment and income opportunities in the participating constituencies (Government of 
Kenya 2009). 2  Furthermore, the program sought to raise households’ interests in 
aquaculture and boost adoption of improved aquaculture technologies, such as 
commercially formulated pelleted floating feed, and fingerlings. Thus, in order to minimize 
government efforts in seed and feed supply, and sustain the use of improved feed in the 
long term, there is the need for private establishment of quality feed and fingerlings 
production enterprises at various fish farming clusters. The presence of the subsidy 
program, especially the feed component, has the potential of limiting the role of private 
sector feed production as farmers might not participate in improved feed markets.  
The presence of the improved feed subsidy program in Kenya implies that fish 
farming households can obtain improved feeds from two major sources – purchases from 
private retail markets and the government feed subsidy program (Xu et al. 2009). Thus, 
households’ decisions to purchase improved feed from the private retail market and the 
quantity actually purchased are explained by a number of household socio-demographic 
and institutional considerations, as well as the amount of subsidized feed they receive from 
the government.  
This paper therefore examines the factors that influence fish farming households’ 
demand for improved feed in the presence of the subsidy program in Kenya. We test the 
                                                 
2 Constituency in Kenya refers to a political demarcation used to select members of parliament. There are 







hypothesis that the feed subsidy program limits a households’ market participation decision, 
and the intensity of demand for improved feed. The relevance of this study emanates from 
the importance of improved aquaculture technologies for long term sustainability of the 
sector. Several  studies examine the impact of government input subsidy programs on 
fertilizer and  improved seed demand in Africa (Mason and Ricker-Gilbert 2013; Ricker-
Gilbert et al. 2011; Xu et al. 2009), but to the best of our knowledge, there is no such study 
on the aquaculture sector in Kenya. Similarly, there is a plethora of literature on agricultural 
technology adoption (Abdoulaye and Sanders 2005; Adesina and Zinnah 1993; Amare et 
al. 2012; Feder and Umali 1993), but such studies are limited for improved aquaculture 
technologies in Africa, especially Kenya. This paper uses an approach that allows 
identification of the factors that influence households’ participation in improved feed 
markets and the determinants of the quantity purchased separately.   
 
2.2  Modeling Framework and Estimation Technique 
2.2.1 Conceptual Framework 
Feed constitutes the main input in a fish farming enterprise. Feed is estimated to 
comprise 30 – 80 percent of total variable cost of farmed fish production depending on the 
farming system practiced (Cocker 2014). There are two categories of feeds used for fish 
farming in Kenya – improved and traditional.3 These feeds come from different sources 
and fish farming households use either one type of feed or a combination in production.  
                                                 
3 Improved feeds are nutritionally balanced with the required protein content. They are extruded to float, and 
facilitate easy feeding, thereby reducing feed wastage. Improved feeds are dry and pelleted with low feed 
conversion ratio (FCR) of about 1.8 kilograms of feed per kilogram of fish weight gain (Isyagi, et al. 2009 
cited in Cocker 2014). Traditional feeds on the other hand come in the form of crop farm residues, rice bran, 







In a given production year where the government subsidy program is in place, the 
total quantity of improved feed used by a representative household is the sum of subsidized 
feed and that purchased commercially, though some households did not obtain improved 
feed from either source. Given that allocation of subsidized feed is the decision of the 
government rather than the household, we focus on the factors that determine the quantity 
of improved feed purchased from the private market, and how the quantity of subsidized 
feed received from the government influences demand for improved feed. 
In Kenya, as in most developing countries where markets are imperfect, socio-
demographic factors are likely to affect  resource allocation, such that household 
consumption and production decisions are non-separable (de Janvry and Sadoulet 2006; 
Singh et al. 1986). These socio-demographic factors include access to credit, household 
characteristics, transaction costs, farm size, as well as other production constraints 
(Adesina and Zinnah 1993; Amare et al. 2012; Croppenstedt et al. 2003; Jayne et al. 2013). 
In addition to these factors, we include variables such as difficulty in fish marketing, 
ownership of water pumps, and the source of pond water in the current study since they 
play important roles in  aquaculture production in Kenya. 
Following Singh et al. (1986), the conceptual model of household demand for 
improved feed in Kenya is specified as: 
𝐶𝑖 = 𝑓(𝑆𝑖 , 𝑷, 𝑸, 𝑲)      (1) 
where 𝐶𝑖  is the quantity of improved feed purchased commercially in 2013; 𝑆𝑖 is the 
quantity of subsidized feed received from the government in 2013; 𝑷 is a vector of prices, 
                                                 
same nutritional content and quality as the improved type. In addition, traditional feeds might differ from 
improved feed in terms of environmental factors such as pH, temperature, dissolved oxygen, etc. (Frimpong 







including the prices of improved and the substitute (traditional) feeds, and the expected 
price of Tilapia; 𝑸 is a vector of household characteristics; 𝑲 is a vector of other 
aquaculture input demand determinants, such as difficulty in fish marketing, ownership of 
water pumps, and source of pond water. 
We envision potential correlation between the amount of subsidized feed a 
household receives from the government and other unobservable factors in the structural 
improved feed demand equation. Thus, it is important to correct for this potential 
correlation in order to obtain consistent estimates of factors influencing demand for 
improved fish feed in the Western and Rift Valley regions of Kenya. 
 
2.2.2 Control Function Approach: Effect of Subsidized Feed on Improved Feed 
Demand 
 
As indicated, the government of Kenya rolled out an aquaculture ESP in 2009 with 
components including feed distribution extending through 2013.4 As part of this program, 
some households in the sample obtained improved feed from the government in the 2013 
production year and years preceding that. The quantity of improved feed bought 
commercially by households is possibly influenced by the quantity received from the 
government.  
Allocation of subsidized feed to households in Kenya, as in most public input 
subsidy distribution systems in Africa, is not random, but based on some unobservable 
                                                 
4 The reference period in this paper is the 2013 production year and therefore we focus on subsidized feed 
received in 2013. It must be noted that some households might have received improved feeds in years 
preceding 2013, but not in 2013. These households are classified as non-recipients with regards to the 
reference period. Thus, we consider the impact of 2013 subsidized feed acquired on household market 







factors. That is, access to subsidized feed is a government and/or extension agent’s decision, 
rather than the household’s. In the household’s demand model for improved feed, the 
quantity of government subsidized feed might be endogenous due to its possible correlation 
with unobservable determinants of improved feed demand. Estimating the demand model 
for improved feed without taking into account this potential endogeneity might result to 
inconsistent estimates, and misleading policy conclusions. To control for this unobservable 
endogeneity, we use the control function (CF) approach (see Lewbel 2004; Ricker-Gilbert 
et al. 2011; Smith and Blundell 1986; Wooldridge 2010, p.90). 
Estimating the CF requires an instrumental variable (IV). Theoretically, the 
selected IV should be correlated with the endogenous variable (in this case the quantity of 
government subsidized feed), but uncorrelated with the error term in the structural equation. 
The major problem with any empirical econometric analysis involving IVs is finding a 
strong instrument. Following Ricker-Gilbert et al. (2011)’s approach, the paper uses the 
number of years the household head has lived in the current community as an instrument. 
The number of years that the household head has resided in the current location could 
influence the quantity of subsidized feed received by the household. Household heads who 
have resided longer in their current location might have political and social connections 
that will boost their likelihood of accessing government subsidized feed, as well as the 
quantity acquired, after controlling for other observable covariates. There is, however, little 
reason to believe that years of residing in the current location could influence unobservable 
factors in the structural feed demand model after controlling for observable covariates. In 
addition, the number of years lived in the current location might influence other demand 







costs, and other relevant information pertaining to the decision to use the technology. These 
variables are controlled for, so that the instrument is exogenous in the demand model for 
improved feed. 
The CF approach involves a number of stages. In the first stage, a model examining 
the determinants of the quantity of subsidized feed acquired by the household is estimated. 
Since the decision of whether or not a household receives subsidized feed is solely that of 
the government (represented at district levels by fisheries extension agents and/or other 
local leaders), the determinants of subsidized feed allocation is modeled in a single stage 
where the dependent variable is the kilograms of subsidized feed, against observable 
covariates of the structural model, including the IV. Residuals from the first stage 
subsidized feed acquisition model (reduced form) are then obtained and used as an 
additional covariate in the second stage structural model. If the residual is significant in the 
second stage model, it implies that subsidized feed is endogenous in the demand model for 
improved feed, and therefore this endogeneity has to be taken into account when estimating 
the quantity of improved feed demanded by the household.  Furthermore, if the quantity of 
subsidized feed is significant in the structural model after controlling for potential 
endogeneity, it will have two different implications, depending on the sign. A positive sign 
indicates crowding-in such that the quantity of subsidized feed received from the 
government increases households’ purchased quantity of improved feed from the private 








2.2.3 Model Choice for Improved Feed Demand: Double Hurdle Model 
After correcting for potential endogeneity of subsidized feed, two categories of 
households are identified in the study regions with regards to the quantity of improved feed 
demand. Some households did not purchase any improved feed from the market, and 
therefore have an optimal demand of zero, while others had strictly positive optimal choice. 
The former have zero observed demand given current prices, transaction costs, and socio-
demographic characteristics. In order to model demand for improved feed while taking 
account of these households, we employ a corner solution technique that treats zeros as 
optimal choices rather than as unobserved values. 
In the adoption literature, three modeling approaches have been employed to 
empirically analyze the intensity of adopting (or demanding) a new agricultural technology 
– the Tobit model, originally due to Tobin (1958); the double hurdle (DH) model due to 
Cragg (1971); and the Heckman two step procedure developed by Heckman (1979). The 
Heckman approach is used in situations where selection bias in data influences the analysis, 
especially where the zeros are treated as unobserved values (Coady 1995; Puhani 2000; 
Ricker-Gilbert et al. 2011).  
 In situations where the decision to participate simultaneously involves the decision 
regarding the quantity purchased, the Tobit model is preferred (Adesina and Zinnah 1993; 
Feder and Umali 1993; Norris and Batie 1987). The Tobit approach is a corner solution 
model where the zeros are observed and represent the optimal choices of non-participating 
households. The application of the Tobit model to the commercial demand for improved 
feed, however, requires a restrictive assumption – that the decision to purchase improved 







same process (Coady 1995; Ricker-Gilbert et al. 2011). Furthermore, the Tobit 
specification is unable to distinguish households with constrained access to improved feed 
those households with unconstrained access (Croppenstedt et al. 2003; Shiferaw et al. 
2008). In the current study, besides the cost of improved feed, there are a number of 
constraints hindering households demand for improved feed. First, lack of information or 
knowledge about the feed and the local availability of the feed. Second, lack of access to 
credit and other support services, and finally, the immediate availability of substitutes may 
discourage the use of improved feed. In the presence of these limiting factors, the use of a 
Tobit model to analyze demand for improved feed will yield inconsistent estimates 
(Shiferaw et al. 2008). The determinants of the quantity of subsidized feed received by the 
household are, however, estimated using the Tobit model since the allocation and quantity 
allotted to a particular household are determined by the same set of factors by the 
government. 
 Given the shortcomings of the Tobit procedure as a corner solution model, a 
lognormal DH model is used in the current study to examine the demand for improved feed.  
Double Hurdle models allow for factors influencing a household’s decision to purchase 
improved feed and the quantity actually purchased to differ and be determined by different 
processes, while taking into account the constraints to access. Since the application of a 
DH model to fertilizer use in Pakistan (Coady 1995), the approach has received much 
attention in recent empirical analyses (see Croppenstedt et al. 2003; Jayne et al. 2013; 
Mason and Ricker-Gilbert 2013; Ricker-Gilbert et al. 2011). Croppenstedt et al. (2003) use 
a DH model to analyze fertilizer demand in Ethiopia; Jayne et al. (2013) apply a DH model 







(2011) employ a DH model to examine subsidies and crowding out of fertilizer demand in 
Malawi; and Liverpool-Tasie (2014) apply it to fertilizer demand in Nigeria. To the best of 
our knowledge, the current study is the first to utilize a DH model to assess the impact of 
subsidies on improved fish feed demand in Kenya. 
 
2.2.4 Estimating Household’s Subsidized Feed Acquisition: Tobit Model 
The model for estimating the quantity of subsidized feed acquired by a household 
from the government, 𝑆𝑖 , is specified as  
𝑆𝑖 = 𝜋𝐼𝑉𝑖 + 𝝍
′𝑿𝒊 + 𝑖 
where 𝑿𝒊 is a vector of factors influencing the quantity of subsidized feed acquired from 
the government; 𝐼𝑉𝑖  is the number of years that the household head has resided in the 
current community;  𝝍′ and 𝜋 are parameters to be estimated; 𝑖 is a normally distributed 
random error term with zero mean and constant variance. The variable of interest in this 
model is 𝐼𝑉𝑖, the instrumental variable to correct for potential endogeneity of subsidized 
feed acquisition on household’s commercial demand for improved feed. If 𝜋 is significant, 
then it indicates that the number of years that the household head has stayed in the current 
community influences how much subsidized feed the household receives from the 
government. 
This model is estimated using the Tobit estimator. Residuals from this model are 










2.2.5 Lognormal DH Model Specification and Estimation Technique for 
Improved Feed Demand 
 
After controlling for the potential endogeneity resulting from government 
subsidized feed, we apply the lognormal DH model to improved feed demand. The decision 
to purchase improved feed is modeled by an indicator function based on the net profitability 
of use. Let  𝜋𝑐 and 𝜋0 be the expected profit from using and not using improved feed 
respectively, so that the household purchases the feed if 𝑀𝑖
∗ = (𝜋𝑐 −  𝜋0) > 0. 
The latent variable underlying household 𝑖′𝑠 decision to purchase improved feed 
from the private market, 𝑀𝑖
∗, is specified as: 
𝑀𝑖
∗ = 𝜶′𝒁𝒊 + 𝛾𝑆𝑖 + 𝜆𝑅𝑖 + 𝑒𝑖                                        (2) 
 
so that the observed participation decision, 𝑀𝑖 can be modeled as: 
𝑀𝑖 = {
 1   ∀    𝑀𝑖
∗  >  0
 0   ∀    𝑀𝑖
∗  ≤  0
    (3) 
where 𝒁𝒊 is a vector of determinants of the decision to purchase improved feed, excluding 
the quantity of subsidized feed, the instrument, and the reduced form residual; 𝑅𝑖 is the 
predicted generalized residual from the first stage Tobit model; 𝜶′, 𝛾 and 𝜆 are decision to 
purchase parameters to be estimated; 𝑒𝑖 is normally distributed random error term with zero 
mean and constant variance. 
Similarly, let the 𝑖𝑡ℎ household’s desired demand for improved feed 𝐶𝑖
∗, be 
specified as:  
𝐶𝑖
∗ = 𝑒𝑥𝑝(𝜷′𝑯𝒊 + 𝜃𝑆𝑖 + 𝜑𝑅𝑖  + 𝜇𝑖)                                     (4) 









∗     𝑖𝑓   𝐶𝑖
∗  >  0    and    𝑀𝑖 = 1
 0        𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                             
   (5) 
where  𝑯𝒊 is a vector of demand factors, excluding the quantity of subsidized feed, the 
instrument, and the reduced form residual; 𝜷′, 𝜑,  and 𝜃  are demand parameters to be 
estimated; 𝜇𝑖 is the random error term which is log-normally distributed with zero mean 
and constant variance. 
 The purchase and demand equations are assumed independent (Wooldridge 2010; 
Amare et al. 2012; Croppenstedt et al. 2003; Shiferaw et al. 2008), and are estimated using 
a Maximum Likelihood (ML) estimation procedure. The log-likelihood equation is 
specified as follows: 
 
ln(𝐿) = [1 − Φ(𝜶′𝒁𝒊 + 𝛾𝑆𝑖 + 𝜆𝑅𝑖)] + 𝑙𝑛[Φ(𝜶
′𝒁𝒊 + 𝛾𝑆𝑖 + 𝜆𝑅𝑖)] + {(𝜙[ln(𝐶𝑖) −
(𝜷′𝑯𝒊 + 𝜃𝑆𝑖 + 𝜑𝑅𝑖 ) 𝛿⁄ ]) − ln(𝛿) − ln (𝐶𝑖)}                       (6) 
 
where 𝜙(. ) and Φ(. ) are the normal probability density function (pdf) and cummulative 
distribution function (cdf) respectively. The expected value of improved feed demand 
conditional on strictly positive purchased quantities is: 
𝐸(𝐶|𝐻, 𝐶 > 0) = 𝑒𝑥𝑝(𝜷′𝑯𝒊 + 𝜃𝑆𝑖 + 𝜑𝑅𝑖  + 𝛿
2/2).    (7) 
The average partial effects (APEs) of changes in explanatory variables on demand for 
strictly positive quantities of improved feed are computed and evaluated at the ML 
estimates and the sample means of the regressors. 
The first hurdle (3) is estimated as a probit model (binary response), in which the 







feed market, and zero otherwise. The second hurdle (5) is estimated using a truncated 
regression. The dependent variable in the second hurdle is the logarithm of the total 
quantity of improved feed purchased. With a logarithmic dependent variable and the fact 
that some of the covariates are dummies, Wooldridge (2009, p. 233)  suggests using a close 
approximation of percentage changes of the dependent variable for a unit change in the 
dummy covariates, using the formula  % ∆ = 100 ∗ [exp𝛽𝑖  - 1], where 𝛽𝑖 is the coefficient 
of the 𝑖𝑡ℎdummy covariate in the demand model. Average partial effects for continuous 
covariates in hurdle 2 represents semi-elasticities except when they enter in logarithmic 
forms, in which case they are elasticities.  
 
2.3 Data and Variables Measurements 
2.3.1  Data and Study Area 
This study uses cross-sectional data obtained through questionnaires administered 
to a sample of fish farming households in Kenya. The data were collected between January 
and April 2014. A multi-stage sampling technique was used to obtain the sample. In the 
first stage, the Western and Rift Valley regions were purposefully selected mainly due to 
the predominance of smallholder aquaculture operations and earthen pond utilization. 
Moreover, the differences in temperature across the two regions provide a good contrast 
(the Western is warmer than the Rift Valley region).  
We randomly selected six sub-counties from each region. From these sub-counties, 







population for interviews.5 The district fisheries offices in Kenya keep a census list of fish 
farms for monitoring and other policy related interventions. The random sample of 198 
farms used for this study comes from this list of aquaculture population. The distribution 
of sample households across regions and districts is presented in Table 2.1. It is evident 
from the frequency distribution that more households were sampled in the Western than 
the Rift Valley region, with uneven distribution across districts within these regions. 
Similarly, participation is non-uniformly distributed across districts. The number of market 
participants across districts is higher in the Western region than in the Rift Valley region.  
 
Table 2.1: Distribution of Households across Districts by Market Participation 
Region District Participants Non-participants Total 
Western Emuhaya 9 6 15 
 Kakamegah 11 11 22 
 Kwhisero 12 6 18 
 Lurambi 13 7 20 
 Mumias East 7 13 20 
 Sabatia 6 7 13 
Subtotal Western  58 50 108 
Rift Valley Eldoret West 9 7 16 
 Nakuru East 6 10 16 
 Njoro 6 7 13 
 Rongai 6 9 15 
 Subukia 2 14 16 
 Wareng 6 8 14 
Subtotal Rift Valley  35 55 90 
     
Total  93 105 198 
Source: Authors, based on 2014 fish farming household survey in Kenya 
                                                 
5 The sample size of 198 might seem small. Unlike agricultural enterprises practiced by a large number of 
rural households, aquaculture operations are not very prominent in rural Kenya. The sample, while modest, 
is representative of the aquaculture population in the Western and Rift Valley regions of Kenya. Therefore, 
any policy implications will be relevant for improved feed and aquaculture operations in these regions, and 








The questionnaires solicited information on socio-demographic characteristics of 
households, institutional support for aquaculture operations (e.g. credit, extension, and 
market opportunities), fish farm level outputs and inputs, technology adoption and 
constraints, government program participation, household assets, among others. for the 
2013 production year. The main fish species produced in the study area are Tilapia 
(Oreochromis niloticus) and Catfish (Clarias gariepinus), though the former is 
predominant. Tilapia tolerates relatively higher temperatures than Catfish. Water 
temperatures of 85 – 880F are optimal for Tilapia growth (Popma and Masser 1999). Some 
households practice polyculture (combining Catfish and Tilapia in the same pond), to 
increase yield through diversification, and also moderate Tilapia population in ponds.  
 
2.3.2 Choice of Explanatory Variables 
 
Feed and Tilapia prices 
 
The feed prices used in the study are the observed prices from the survey. Given 
that some of the households did not buy improved feed from the market, there were some 
missing price values for improved feed. Likewise, observed prices were not available for 
households that did not use the traditional feed. For households that purchased a particular 
feed type, the price used is the actual observed price – what they paid for a kilogram of the 
feed at the time they made the feed(s) input purchase decision. For those that did not 
participate in either market, the observed average district price was used. These prices are 
reported in Kenya Shillings per kilogram (Kshs/Kg). This approach was employed by 







At the time households decide to purchase improved feed, the prices of Tilapia and 
Catfish are what was observed at that time. The observed price at the realization of fish 
output and sales might differ from what prevailed at the time when the input purchase 
decision was made. Thus, the household forms expectations of what the probable price will 
be at harvest to inform the input choice decision. To model price expectations, the naïve 
expectations approach is employed, where the lagged district fish output price is used to 
predict harvest price of output for the household (Ricker-Gilbert et al. 2011; Yi 2014). We 
adapt an approach by Yi (2014, pp. 15) to generate output price for the household. In this 
framework, the lagged district price for the  𝑖𝑡ℎ household is the average output price in the 
district, excluding the particular household. Available district price data shows little 
variation in Tilapia and Catfish output prices across a production cycle. Since Tilapia is 
the main species cultivated in the study area, we focus only on the price of Tilapia. 
Moreover, there were very few price observations for Catfish.  
Here, the own price is expected to follow the law of demand by exerting negative 
effect on the quantity of improved feed demanded. Moreover, we expect a positive cross 
price effect to reflect substitutability of improved and traditional feeds. In other words, as 
the price of the traditional feed increases relative to the price of improved feed, households 
will substitute toward the improved feeds.  
 
Other explanatory variables 
Besides the prices of inputs and outputs, some household characteristics as well as 
institutional and farm level factors that are relevant to influence demand for improved feed 







assets (e.g. membership in a fish farmers association), constraints to fish marketing, 
household capital holdings such as water pump and a reliable source of pond water. We 
control for regional availability of improved feed and other geographical differences in 
households by including a regional dummy. The choice of these variables is guided by the 
adoption and input market participation literature. 
Given the presence of traditional feeds, which is normally formulated at the farm 
level based on, to some extent, farmer experience, we include a variable measuring how 
long the household head has been involved in fish farming. The effect of experience on 
household’s decision to purchase improved feed and the quantity actually purchased can 
be either negative or positive, depending on the head’s experience with improved feed in 
the past. A positive effect indicates that the head might have encountered improved feed in 
the past, knows the benefits, and is willing to make monetary commitment to using it 
intensively. On the other hand, an experienced head might have greater expertise in 
formulating traditional feeds on-farm, and given the marginal cost of improved feed and 
other factors, might choose not to purchase, or might purchase less intensively. 
 
2.4 Summary Statistics 
In this study, a market participant is defined as a household that purchased 
improved feed from the market. There are some households that used both improved and 
traditional feeds, and therefore the definition is not restricted to households that used solely 
improved feed. This definition, however, treats households who acquired subsidized feed 
from the government in the reference year, but did not purchase any from the market as 







regions in Kenya is presented. Table 2.2 indicates 47 percent participation in the sample, 
with a non-uniform spread across regions. The percentage of households participating in 
the market is higher in Western Kenya (54%), than in the Rift Valley region (39%). 
 
Table 2.2: Demand for Different Feed Types across Regions in Kenya 
 
 
a Traditional  feeds include cotton cake, fish meal, corn meal, among others feeds either formulated or 
purchased by the household.  
Source: Authors computation, based on 2014 fish farm household survey 
 
We also observe a direct relationship between the percentage of households 
purchasing the feed and the quantity actually used on- farm in all regions. The share of 
improved feed in total feed usage is 30 percent for the full sample. When the sample was 
restricted to market participants only, the share increased to 55 percent. At the regional 
level, improved feed comprises a greater proportion of total feed demand in the Western 
than in the Rift Valley region, irrespective of sample separation. This is consistent with the 
high participation rate, and the intensive nature of aquaculture operations in the Western 
region.  
In Table 2.3, the characteristics of households based on the source of improved feed, 











trad. feeds (kg) 
% share of improved 
feed  in total feed 
Full sample 
      
All regions 198 100 142 330 472 30 
Rift Valley 90 45 140 434 574 24 
Western 108 55 144 243 387 37 
Market participants only 
    
All regions 93 47 252 202 454 55 
Rift Valley 35 39 251 289 540 47 







the current location) is presented. As indicated, some households obtained improved feed 
from different sources, which warrants disaggregating the data to examine the 
characteristics of the different categories of households in terms of feed sources. Out of the 
47 percent who purchased improved feed from the market (Table 2.2), approximately 30 
percent did not receive government subsidized feed and therefore obtained all their 
improved feed from the market. In addition, 17 percent obtained government subsidized 
feed as well as some portion from the commercial market. Table 2.3 also indicates that 9 
percent of the households used solely improved feed from the government subsidy program. 
Thus, overall 26 percent of the households accessed the subsidized feed. The data seem to 
suggest that on average, households who acquired improved feed from the government 
have resided in their current locations longer than those that purchased solely from the 
retail market, a variable likely to enhance lobbying for subsidized feed. Moreover, 
households that participated either partially or fully in the commercial improved feed 
















Table 2.3: Sources of Improved Feed by Household Characteristics 
Household characteristics 









Share of households in total sample (%) 9 30 17 44 
Quantity of feed from government (Kg) 261.3 0.0 127.1 0.0 
Quantity of feed from market (Kg) 0.0 224.9 173.8 0.0 
Fish farm size (acres) 0.2 0.2 0.2 0.1 
Length of Stay in community (years) 30.9 29.6 35.3 31.7 
Distance from farm to nearest main market (km) 9.4 9.7 7.4 9.4 
Distance from farm to extension office (km) 11.8 10.6 12.3 10.7 
Distance from farm to nearest AquaShop (km) 19.3 12.2 13.1 15.8 
Source: Authors computation, based on 2014 fish farming household survey 
 
The definitions of variables used in the analysis and their descriptive statistics are 
presented in Table 2.4. Table 2.4 indicates that household heads in general have spent about 
11 years in school, which is near the completion of high school. High levels of education 
might explain possible correlation between education and adoption of improved feed 
among fish farming households in the Western and Rift Valley regions of Kenya. Moreover, 
household heads have, on average, 4.38 years of fish farming experience, which has 
implications for market participation and the extent thereof in Kenya. The variation in 
experience in fish farming, captured by the standard deviation of 3.65 years, indicates that 
there is longevity of aquaculture operations in the regions as new entrants continue to make 
their way into the industry. This is also vital for the sustainability of the sector and possible 















Dependent Variables   
Improved feed 
quantity 
Quantity of improved feed purchased commercially (Kg) 97.13 188.59 
Market participation 1 if the household participated in improved feed market 0.47 0.50 
Independent Variables 
  
Years resided No. of years that household head has lived in community 31.58 17.24 
Subsidized feed 1 if household received subsidized feed, 0 otherwise 0.26 0.44 
Subsidy quantity Quantity of subsidized feed used (Kg) 44.94 105.95 
Subsidized feed 
share 
Share of subsidized feed in total improved feed used (%) 17.73 33.50 
Education Years of education of household head 11.40 3.88 
Household size Number of people in the household 6.85 2.88 
Experience Household head years of fish farming experience 4.38 3.65 
Agricultural  land Total household farm land in acres 4.90 6.82 
Fish farm size Total fish farm land in acres 0.16 0.18 
Cattle 1 if the household owns Cattle 0.87 0.33 
Water pump 1 if household owns water pump 0.19 0.39 
Water source 1 if source of pond water is river 0.58 0.49 
Extension access 1 if household had access to fisheries officer 0.60 0.49 
Extension contact Annual extension contacts received 2.23 2.94 
Fish farmers 
association 
1 if head is a member of fish farmers association 0.68 0.47 
Credit 1 if household accessed credit specifically for fish farming 0.11 0.32 
Distance 
AquaShop 
Distance from farm to improved feed sale point in Km 14.57 13.59 
Marketing 
constraint 
1 if household faces difficulty marketing fish in the past 0.44 0.50 
Tilapia price Observed price of Tilapia (Kshs/Kg) 208.82 37.41 
Improved feed 
price 
Price of improved feed (Kshs/Kg) 72.83 15.33 
Traditional feed 
price 
Price of other made feeds (Kshs/Kg) 46.22 15.16 
Source: Authors computation, based on 2014 fish farming household survey 
 
 
The average fish farm size (fish pond) is 0.16 acres, which is about 468 square 
meters. Pond surface areas in Kenya were obtained in square meters, which were converted 







government constructed 300m2 ponds for households participating in the program.6 Thus, 
some households are expanding areas under fish farming beyond those initially constructed 
by the government. Households own 5 acres of agricultural lands on average, indicating 
that they have the potential to expand areas under fish farming, and may be candidates for 
possible adoption of improved feed. 
Access to support services for aquaculture was limited in the study area. The 
proportion of households who accessed credit for fish farming purposes was 11 percent. 
Given the rising cost of improved feed, the availability of credit will potentially foster 
participation and the extent thereof, after controlling for other observable covariates. The 
average distance from fish farm to an AquaShop, where improved fish feed is sold, is about 
15km – a variable reflecting the transaction cost of purchasing improved feed. Thus, 
households might prefer to use traditional feeds if improved feed is available in a distant 
location, or the transaction cost of accessing improved feed is high.  
 Table 2.5 presents farm level economic analysis by improved feed market 
participation category. The analysis is conducted to ascertain the profitability of the 
technology, while taking into consideration the government subsidized feed. From the 
production side, market participants produce 153kg more combined Tilapia and Catfish 
output than non-participants. This translates into Kshs 53,207 total revenue more for 
market participants. The main variable cost items in fish farming in Kenya are seed 
(fingerlings), feed, fertilizer, labor, and cost of marketing.  
 
                                                 
6 Note that some households have constructed additional ponds. This does not necessarily mean extending 







Table 2.5: Farm Level Economic Analysis by Market Participation Status 
Variable Non-participants Participants Difference p-value 
Production items 
    
     Fish land in acres 0.12 0.2     0.07*** 0.00 
     Tilapia output (Kg) 410 526 116 0.21 
     Catfish output (Kg) 28 65 38 0.30 
     Total output (Kg) 438 591 153* 0.07 
     Tilapia price (Kshs) 203 216 13** 0.04 
     Catfish price (Kshs) 308 317 9 0.73 
     Total Revenue (TR) from Fish (Kshs) 87,969 141,176 53,207* 0.04 
Cost items (Kshs) 
    
     Fingerlings 10,177 11,096 919 0.58 
     Improved feed 3,287 17,716 14,429*** 0.00 
     Farm made feed 19,101 9,931 -9,170*** 0.01 
     All fish feeds 22,388 27,647 5,259 0.32 
     Inorganic fertilizer 755 1,150 395 0.43 
     Organic fertilizer 4,671 16,019 11,348 0.13 
     All fertilizers 5,426 17,170 11,744 0.26 
     Lime 1,121 1,143 22 0.98 
     Labor 14,808 8,646 -6,162 0.28 
     Marketing cost 187 290 102** 0.05 
     Total variable cost (TVC)(Kshs) 54,107 65,991 11,885 0.38 
Profit (TR – TVC) (Kshs) 33,862 75,185 41,323* 0.07 
*, ** and *** represent significant at 10, 5 and 1 percent respectively 
Source: Authors computation, based on 2014 fish farming household survey in Kenya 
 
 
The total cost of feed for market participants is Kshs 27,647 compared to Kshs 
22,388 for non-participants. Total cost of improved feed for non-participants is nonzero 
because some households obtained government subsidized feed. The subsidized feed was 
valued at the corresponding district price for those households not purchasing any 
improved feed commercially (the valuation of subsidized feed was conducted for both 
participants and non-participants). The cost of marketing is low for both categories of 







The profit for market participants is Kshs 75,185 compared to Kshs 33,862 for non-
participants. A statistical test (t-test) of the difference between participants and non-
participants indicates that participants obtain significantly more profit than non-
participants, taking into account the cost of subsidized feed in both participating categories.  
 
2.5 Results and Discussions 
2.5.1 Factors Influencing Household Acquisition of Subsidized Feed 
In Table 2.6, the reduced form Tobit model results for factors determining the 
quantity of subsidized feed acquired by households is presented.7 The variable of interest 
in this model is the number of years that the household head has resided in the current 
community (the IV to correct for potential endogeneity of government subsidized feed in 
the structural demand model). This variable is positive and significant at the 5 percent level. 
The coefficient indicates that an additional year of residence in the community by the 
household head increases the household’s subsidized feed acquisition by 0.96 kilogram. 
Given that the Tobit model is a non-linear corner solution model, it is difficult to test for 
the strength of years lived in the community as an instrument. In this case we follow 
Ricker-Gilbert et al. (2011) and Liverpool-Tasie (2014) to use the p-value and the estimate 
of the correlation between the IV and the endogenous variable to examine the exogeneity 
of the instrument in the structural model. With a p-value of 0.03, the IV is partially 
                                                 
7 The tobit command was used to estimate the Tobit model in Stata 13. The average partial effects (APEs) 







correlated with the endogenous variable of government subsidized feed (Wooldridge 2010, 
p.90). It is, however, uncorrelated with other unobservables in the structural model.8  
 
Table 2.6: Tobit Result of Factors Affecting Quantity of Subsidized Feed Received 
Dept. var: Quantity of feed (Kg) Average Partial Effect p-value 
Independent variables 
  
Years resided 0.96** 0.03 
Household size 4.07* 0.09 
Education 3.85** 0.03 
Experience -1.70 0.40 
Fish farm size 63.06** 0.05 
Agricultural land -0.25 0.80 
Cattle -27.36 0.16 
Extension contacts 1.54 0.33 
Credit 17.64 0.35 
Fish farmers association 14.88 0.30 
Distance AquaShop 0.35 0.51 
Marketing constraint -34.55** 0.02 
Expected price of Tilapia -0.30 0.18 
Observed price of improved feed 0.44 0.34 
Observed price of traditional feed 0.49 0.21 
Water source -22.81* 0.08 
Water pump 10.25 0.64 
Western region dummy -11.86 0.49 
*, ** and *** represent significant at 10, 5 and 1 percent respectively 
Source: Authors computation, based on 2014 fish farming household survey in Kenya 
 
The correlation of the instrument with the potentially endogenous subsidized feed 
variable, and the fact that it is exogenous in the structural model makes it an ideal 
instrument to use in the structural model. In addition, the longer the household head has 
                                                 
8 The correlation between quantity purchased from the market and the IV is -0.0020. In addition, estimating 
the structural demand model with the IV as one of the covariates shows insignificant coefficient. These and 
results from Table 2.6 justify that the IV is partially correlated with subsidized feed, but uncorrelated with 







stayed in the community, the more likely he/she will be connected both socially and 
politically. With strong socio-political connections, the household will be able to lobby for 
subsidized feed, but the socio-political position of the household would likely not influence 
the quantity of improved feed purchased from the private market. 
 Besides, education, household size, fish farm size, difficulty in marketing matured 
fish in the past, and source of pond water, influence how much subsidized feed a household 
receives from the government. Households that experience difficulty marketing matured 
fish receive less subsidized feed. Household heads who have spent more years in school, 
and operate large fish farms, however, receive larger quantities of the subsidized feed than 
those otherwise.  
 
2.5.2 Factors Affecting Demand for Improved Feed 
The predicted generalized residual from the reduced form Tobit equation is used as 
an additional covariate in the structural participation and demand models. Table 2.7 
presents the ML estimation results of the double hurdle model for factors influencing 
demand for improved feed, after controlling for potential endogeneity. Hurdle 1 presents 
the determinants of the decision to purchase, while hurdle 2 contains the factors affecting 
the level of demand. The coefficients, representing the marginal effects, are evaluated at 
the means of each covariate. The marginal effects in the purchase decision represent the 
probability of improved feed market participation for changes in corresponding 
explanatory variables. For the demand model in hurdle 2, the marginal effects indicate the 
conditional expectation of improved feed demand as respective independent variables 







estimation results were obtained in Stata 13 using the probit and truncreg commands for 
participation and demand respectively.9 The marginal effects were estimated using the 
margins commands in Stata. For details of these procedures in Stata, see Burke (2009).   
 
Table 2.7: Factors Influencing Household Demand for Improved Feed in Kenya: 










Demand model (truncated regression) 
APEa p-value  APE p-value % Change in APE 
Quantity of subsidized feed -0.002*** 0.005  0.009*** 0.000 0.90 
Generalized Residual 0.301*** 0.001  -1.199*** 0.000 -119.9 
Household size 0.010 0.428  -0.030 0.460 -3.00 
Education 0.022** 0.017  -0.003 0.906 -0.30 
Experience 0.004 0.655  0.039* 0.053 3.90 
Fish farm land 0.698*** 0.009  0.074 0.837 7.40 
Agricultural land 0.000 0.930  0.018* 0.100 1.80 
Cattle -0.274*** 0.008  -0.204 0.389 -18.49 
Extension contacts 0.038*** 0.003  -0.018 0.437 -1.80 
Credit 0.110 0.272  -0.255 0.467 -22.52 
Fish farmers association -0.039 0.582  0.190 0.352 20.97 
Distance AquaShop -0.002 0.302  -0.011 0.158 -1.10 
Marketing constraint -0.247*** 0.001  0.460** 0.012 58.34 
Expected price of Tilapia 0.001 0.491  0.004* 0.066 0.40 
Observed price of improved feed -0.002 0.367  -0.021*** 0.001 -2.10 
Observed price of traditional feed 0.002 0.382  0.009 0.235 0.90 
Water source -0.024 0.731  0.285 0.143 32.94 
Water pump 0.041 0.668  0.487* 0.060 62.67 
Western region 0.057 0.537  0.519* 0.064 68.00 
*, ** and *** represent significant at 10, 5 and 1 percent respectively 
a Recall APE denotes Average Partial Effect 
Source: Authors’ computation, based on 2014 fish farming household survey in Kenya 
 
                                                 
9 These can be estimated with the single command craggit, and standard errors obtained via bootstrapping 







The reduced form residual is significant in both the purchase decision and demand 
models, indicating the endogeneity of subsidized feed in the structural model. Thus, 
estimating the household participation decision and intensity of participation in improved 
feed market in the Western and Rift Valley regions of Kenya without correcting for this 
endogeneity will result in biased, inconsistent estimates, and misleading policy conlusions. 
Correcting for potential endogeneity, the analysis reveals a negative relationship 
between a household’s decision to participate in the market and the quantity of subsidized 
feed received. In fact, each kilogram of subsidized feed received by the household 
decreases their propensity to buy improved feed by 0.2 percentage point. Households 
receiving subsidized feed from the government might not have the initial need to 
supplement it with purchases from the private market. This result is consistent with Xu et 
al. (2009)  in Zambia; Ricker-Gilbert et al. (2011) in Malawi; and Liverpool-Tasie (2014) 
in Kano State, Nigeria. 
In addition, the decision to purchase improved feed in the Western and Rift Valley 
regions of Kenya is influenced by education, fish farm size, extension contact, difficulty in 
marketing matured fish, and ownership of cattle. All market participation determinants 
have the expected signs. Each additional year of education increases the probability of 
purchase by about 2 percentage points. Increased land in fish farming raises the likelihood 
of purchasing improved feed commercially, as does regular contacts with fisheries 
extension agents. Households that experienced difficulty marketing their matured fish are 
less likely to participate in the market.  Finally, ownership of cattle decreases the likelihood 







After controlling for endogeneity of government subsidized feed and holding other 
factors constant, each kilogram of subsidized feed acquired by the household increases the 
quantity of improved feed purchased by about 0.90 percentage points. This indicates that 
government subsidized feed crowds-in private sector activities for improved feed. The 
coefficient is small, reflecting the modest quantity of subsidized feed received by 
households in the 2013 production year (government subsidized feed constitutes about 18 
percent of the total improved feed use in the sample – see Table 2.4). Thus, we conclude 
that the feed component of the government ESP on aquaculture is effective at encouraging 
households to use more improved feed, thereby, ensuring sustainability of improved feed 
usage once the program is terminated. Consistent with this result is the paper of Liverpool-
Tasie (2014) who found evidence of crowding-in from fertilizer subsidies on private 
market participation in Kano, Nigeria. Similarly, in Xu et al.'s (2009) sample-separated 
analysis, the authors found evidence of crowding-in from fertilizer subsidies for 
households located in areas where private sector activities were low.   
Once the decision to purchase improved feed has been made and controlling for 
endogeneity, experience, total agricultural land, price of improved feed, expected price of 
Tilapia, ownership of a water pump, Western region location, and difficulty in fish 
marketing influence the quantity of improved feed purchased commercially by the 
household. Some of these variables are different from the determinants of participation, an 
indication that household’s decision to purchase improved feed and the quantity actually 
purchased are influenced by different factors, and determined by different processes. For 







agricultural land holdings are vital determinants of participation, but once the decision to 
purchase has been made, they play no further role in the intensity of use of the technology. 
Household assets such as agricultural land, which encompasses crop, livestock and 
fish lands, increase improved feed demand. Agricultural land can be a source of finance 
for the intensive use of improved feed. Funds from agricultural land might flow from 
renting out lands, as well as crop and animal production returns. This  result is consistent 
with the findings of Amare et al. (2012) on the impact of household land per capita on total 
area under improved pigeon pea and maize varieties in Tanzania. 
As expected, input and output prices have their a priori expected signs, though the 
price of the traditional feed is statistically insignificant. A rise the expected price of Tilapia 
increases demand for improved feed significantly, with each Kenya Shilling increase in the 
expected price of Tilapia raising demand by 0.4 percentage points. The own price of 
improved feed exerts a negative effect on quantity demanded, with a one Kshs increase in 
the price of improved feed reducing quantity demanded by 2 percentage points, ceteris 
paribus. The implication is that, if improved feed price continues to increase, households 
will decrease usage and potentially substitute the traditional feed. 
Ownership of water pump increases improved feed use by about 63 percent. Given 
that water is the main natural resource in fish farming, having a water pump will help 
ensure that households maintain required water levels in ponds, notwithstanding fuel cost. 
In addition, fish generates different kinds of wastes that require occasional draining and 
cleaning of ponds to maintain productivity. Ownership of pumps will possibly help foster 
these operations and contribute to intensification of fish production, and consequently, the 







Although there is no difference in the probability of purchase across regions, 
demand is high in the Western region. Specifically, a household located in the Western 
region purchase about 68 percent more improved feed than their counterparts in the Rift 
Valley region. This might be attributed to the intensive nature of aquaculture operations in 
the Western region.  
 
2.5.3 Post Estimation Analysis 
Once the effect of the subsidy has been controlled for, we further examine the extent 
to which some key policy variables impact the propensity of the household to demand 
positive quantities of the technology. Table 2.8 presents the impact of education, extension 
contact, and fish farm size on the probability of demanding positive quantities of improved 
feed. A household head with no education has about 24 percent lower probability of 
positive demand than one with 12 years of education. The implication is that government 
programs that improve education and other knowledge attainment at higher levels is vital 







                                                 
10 Note that education is one of the key components of the Kenya government’s ESP. The educational 












Prob. of positive 
demand 
No. of extension 
contact(s) 
Prob. of positive 
demand Farm size 
Prob. of positive 
demand 
0 0.246 0 0.391 0.1 0.436 
1 0.263 1 0.428 0.2 0.508 
2 0.281 2 0.466 0.3 0.581 
3 0.299 3 0.505 0.4 0.652 
4 0.318 4 0.544 0.5 0.718 
5 0.337 5 0.582 0.6 0.778 
6 0.357 6 0.620 0.7 0.830 
7 0.378 7 0.657 0.8 0.873 
8 0.399 8 0.693 0.9 0.908 
9 0.420 9 0.727 1 0.936 
10 0.441 10 0.759 1.1 0.957 
11 0.463 11 0.789 1.2 0.972 
12 0.485 12 0.817 1.3 0.982 
  Source: Authors, based on 2014 fish farming household survey 
 
The effect of fish farm size indicates that households operating one acre of fish 
farm have about 50 percent higher probability of purchasing improved feed than those with 
0.1 acres. The government’s ESP on aquaculture with pond construction as one of the 
critical components should be seen as an instrument for improved feed demand.  
Moreover, households that receive 10 extension contacts per year have about a 76 
percent likelihood of purchasing strictly positive quantities of the technology. Policy 
options that heighten regular farmer-extension interaction appear to be promising. This 
suggests providing fisheries extension officers with adequate resources to frequently 
contact fish farmers may increase adoption of improved feed. Strengthening rural 
organizations (fish farmer organizations) with active involvement of fisheries extension 
officers is also recommended. One possible strategy would be to encourage fisheries 







not only increase fisheries extension agent/farmer interaction, but also obtain feedback 
from farmers to guide policy formulation in the sector.  
  
 
2.6 Concluding Remarks and Policy Implications 
This paper contributes to the limited empirical literature on the impact of 
agricultural input subsidy programs on input demand in Africa for aquaculture. Specifically, 
this paper examines the determinants of improved fish feed demand in the presence of a 
government subsidy program in the Western and Rift Valley regions of Kenya. The 
government of Kenya implemented an ESP on aquaculture in which feed and other inputs 
were distributed to participating households. The distribution of the feed subsidy was not 
random, but based on unobservable factors. The non-random distribution of the subsidized 
feed has the potential of causing endogeneity problems in a household’s structural demand 
model for improved feed. The analysis reported here corrects for this endogeneity using 
the control function approach, driven by the number of years that the head has resided in 
the current community as an instrumental variable. A corner solution lognormal double 
hurdle model that considers zeros as optimal choices by households in addition to allowing 
for the decision to purchase and the quantity purchased to be determined by different 
factors is employed. Data used for the analysis comes from a 2014 survey of fish farming 
households in the Western and Rift Valley regions of Kenya, allowing us to reference all 
variables (including the subsidized feed) to the 2013 production year. The findings in this 
paper should be interpreted in the context of market participation and intensity of 







 The analysis of the determinants of subsidized feed acquired from the government 
indicate that households whose heads have spent more years in school, operate large fish 
farms,  have large household size, and have stayed in the current community for a long 
time received more subsidized feed from the government. In addition, households that have 
faced difficulty marketing their fish in the past received less subsidized feed, ceteris 
paribus.  
 There was evidence that subsidized feed decreases the propensity of the household 
to purchase improved feed from the market. However, for households that did purchase 
improved feed, each additional kilogram of government subsidized feed allocated increases 
the quantity purchased by about 0.90 percentage points. Since improved feed has not been 
available to farmers for long, the subsidy program might be seen as creating awareness and 
encouraging households to adopt the technology as well as the quantity purchased. The 
subsidy program should also be seen as connecting fish farming households to improved 
feed technology in the Western and Rift Valley regions of Kenya. 
 Furthermore, a household’s demand for improved feed is explained by a number of 
demand and supply side factors. The demand side factors include experience, fish farm 
size, and the geographic location of the household. On the supply side, household 
ownership of a pump, and Tilapia and improved feed prices influence demand for the feed 
in the study regions. 
 One policy implication might be to create market opportunities for households to 
sell their fish at reasonable prices in order to enhance their demand for the technology. 
Given that most improved feeds and raw materials are imported, policies that reduce the 







necessary to increase usage. Reducing tariffs on imported fish feeds and feed production 
inputs is recommended. Fisheries extension officers should be allocated adequate resources 
to facilitate their regular interaction with households, as this has the potential of raising 
households’ interests in the technology. More research is necessary, however, to determine 
whether the establishment of improved feed production centers close to fish farming sites 
increases demand. Finally, a study that looks at the impact of the subsidy program on 
improved feed market participation in the whole of Kenya and over an extended time 
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CHAPTER THREE: IMPACT OF AQUACULTURE FEED TECHNOLOGY ON 
FISH INCOME AND POVERTY IN KENYA 
3.1 Introduction 
3.1.1 Problem Statement 
The adoption of improved aquaculture technologies such as feed in Kenya, has the 
potential of raising yields, and consequently, improving the livelihoods of those engaged 
in the rural sectors of the economy. Two categories of feeds are identified in Kenya’s fish 
farming sector – traditional and improved. Improved feeds are nutritionally balanced with 
protein contents of 28 – 35 percent. They are extruded to float and, thus, facilitate easy 
feeding and reduce feed wastages. In addition, improved feeds are dry and pelleted, with 
low feed conversion ratio (FCR) of about 1.8 – 1.8Kg of feed required to produce 1Kg of 
fish weight. Traditional feeds on the other hand have low protein content, non-extruded 
and are generally sinking, with high FCR. Though improved feeds are expensive, Engle 
and Neira (2005) shows that the use of improved feed technology results in profitable 
aquaculture enterprises. Profitable aquaculture enterprises potentially have implications for 
income (direct), food, nutrition and employment (indirect) at the household level.  
Notwithstanding these great potential benefits, there is no empirical analysis of the 
factors that influence adoption of improved feed technology, and its possible impact on 







are the impacts of improved fish feed technology on household welfare in Kenya. The 
objective of this paper therefore is to examine the impact of improved feed technology on 
household wellbeing in Kenya, focusing on fish income and poverty headcount. Though 
improved fish feed has potential direct and indirect benefits, due to data limitations, this 
paper focuses on examining the direct effect of the technology on household welfare, 
leaving an assessment of the indirect effects for future research.  
The paper contributes to the literature by examining the determinants of adoption 
and impact of improved fish feed technology on household welfare, focusing on fish 
income and poverty in Kenya. The paper thus, attempts to establish the link between 
adoption of improved aquaculture technologies and household welfare outcomes. There is 
currently no study examining poverty among fish farming households in Kenya, especially 
following the implementation of the aquaculture ESP. Moreover, though there are a 
number of studies that examine the impact of improved agricultural technologies on 
livelihoods in developing countries (Amare et al. 2012; Becerril and Abdulai 2010; Karanja 
et al. 2003; Kassie et al. 2011; Mendola 2007; Nguezet et al. 2011), there is currently no 
such study at the micro-level assessing the impact of aquaculture technologies in Kenya. 
Finally, as policymakers consider alternative innovations targeting aquaculture 
development, one explicit goal could be poverty reduction. 
To quantify the impact of the technology while taking into account the fact that 
households were not randomly assigned to improved feed adoption, econometric analysis 
that controls for observable characteristics of households is used. Non-random assignment 
of households to improved feed adoption will likely create selection bias where households 







indicated by Mendola (2007), examining the impact of a technology in observational 
studies without taking into account selection bias can result in misleading policy 
conclusions. Thus, a propensity score matching (PSM) technique which compares adopters 
to non-adopters using propensity scores based on observable covariates is employed in this 
paper. PSM creates a control group that did not adopt the technology, with approximately 
the same characteristics as the adopters. There would still be some unexplained variabilities 
among the two adoption categories, affecting selection in adoption of the technology. The 
PSM approach helps to not overstate or understate the effect of the technology. 
 
3.1.2 Background 
The aquaculture sector in Kenya, as in most developing countries is not well 
developed, and faces a number of challenges, stretching from production to marketing. 
Until recently, the aquaculture sector in Kenya has received less government intervention 
in-terms of budgetary and other resource allocations. As part of the country’s Economic 
Stimulus Program (ESP) in 2009, however, the aquaculture sector received a Kshs 1.12 
billion (US$ 15 million) budgetary allocation for its development in the country.1 About 
140 constituencies benefited from the aquaculture program, with 200 fish ponds 
constructed in each of the 140 participating constituencies throughout the country. In 
addition, the government provided fingerlings, feeds, and other resources to households 
                                                 
1 The aggregate Kenyan economy experienced  a rapid decline in GDP growth from 7.1 percent in 2007 to 
1.7 percent in 2009 following post 2007 election violence, coupled with the global economic meltdown 
(Government of Kenya 2009). Consequently, in 2009, the government of Kenya rolled out an ESP, focusing 
on key potential sectors of the economy, with the sole goal of revamping the economy and boosting economic 
recovery. A key objective of the program was to increase economic opportunities in rural areas for 
employment creation and income generation. Aquaculture was one of the sectors to have been considered 







involved in the program. Following the implementation of the program, the aquaculture 
sector has experienced an outward shift in farmed fish production, which has implications 
for both the micro and macro economies in terms of income, employment, food security, 
and sustainability of the sector.  
 Though the aquaculture ESP has made positive strides towards increasing total 
aquaculture output over the years of its implementation, a 2012 annual report of the 
Ministry of Agriculture, Livestock and Fisheries indicates that the sector is still beset with 
a myriad of challenges, including access to improved seeds (fingerlings) and feeds, credit, 
access to markets, and poor technical knowhow of aquaculture operations. As long as these 
constraints persist, the full potential of aquaculture may not be realized in Kenya. To 
reinforce the government’s aquaculture ESP, and overcome some of these challenges, there 
was a concerted effort between the AquaFish Innovation Lab and the Ministry of Fisheries 
and Aquaculture Development (MOFAD) in 2010 – 2013 to promote Best Management 
Practices (BMPs) – commercially formulated pelleted floating feeds (hereafter, improved 
feed), and water reuse – to farmers in selected regions of the country. The technologies 
were promoted through workshops and site demonstration, with the belief that participating 
farmers will help disseminate the technologies to other farmers in their communities. 
Farmers who participated in the BMPs project were randomly selected from the 
purposefully selected regions, but were not randomly assigned to the technologies adoption. 
The promotion of the BMPs was meant to partly create income generating opportunities 
and reduce poverty among smallholder households in the participating regions. The focus 
of this paper is on the impact of the improved feed component of the BMPs on household 







 3.1.3 Justification: Improved Technologies Adoption and Welfare Impacts 
The literature abounds with empirical evidence that the adoption of a new 
agricultural technology by the poor brings positive income effects, with resultant reduction 
in poverty, both directly and indirectly (Becerril and Abdulai 2010; de Janvry and Sadoulet 
2002; Mendola 2007; Stevenson and Irz 2009; Toufique and Belton 2014). To the best of 
our knowledge there is no empirical analyses of the impact of a specific aquaculture 
technology on household welfare. This notwithstanding, there are potential direct and 
indirect benefits of improved aquaculture technologies on households (Stevenson and Irz 
2009; Kassam 2013). Specifically for aquaculture, Stevenson and Irz (2009) present a 
schematic of pathways in which aquaculture can contribute directly and indirectly to 
poverty reduction in a region or country. Kassam (2013) also provides detailed analysis of 
the direct and indirect impacts of aquaculture on poverty reduction in Ghana. 
The direct effects of aquaculture technologies are the possible productivity gains 
that lead to increased fish income and consequently, a decline in poverty by those who 
adopt the technology. On the other hand, indirect effects are the positive benefits enjoyed 
by non-adopters and other actors across the aquaculture chain as a result of technologies-
induced increased in fish output. For instance, the possible indirect benefits from the 
adoption of aquaculture technologies include decline in fish prices as a result of increased 
fish production, making fish more affordable; increase in employment opportunities and 
higher wages at different points in the aquaculture value-chain; and other multiplier effects 
in different sectors of the economy, such as the manufacturing sector (especially 
commercial production of fish feeds) (Becerril and Abdulai 2010; de Janvry and Sadoulet 







2014). Toufique and Belton (2014) indicates that rapid expansion of aquaculture leads to 
increased fish consumption by the very poor and moderately poor due to reduced fish prices. 
Moreover, Nguyen et al (2016) examine the impact of household participation in 
aquaculture on poverty in Ben Tre province of Vietnam. The authors observed differential 
impact of aquaculture on poverty reduction for various specifications of the poverty line.  
 Stevenson and Irz (2009), Toufique and Belton (2014), and Nguyen et al (2016) are, 
however, sector-wide studies  of the impact of aquaculture on the poor, that do not consider 
the contribution of a specific aquaculture technology to household income enhancement 
and poverty reduction. At the micro-level, Dey et al. (2010) is perhaps the only paper that 
examines the impact of a specific aquaculture technology (integrated aquaculture-
agriculture or IAA) on smallholder farms. That study, however, did not examine the impact 
of IAA on income or poverty, and does not take into account the differences in household 
characteristics and the fact that households were not randomly assigned to IAA adoption. 
Though there are a number of studies that examine the impact of improved agricultural 
technologies on livelihoods in developing countries (Amare et al. 2012; Becerril and 
Abdulai 2010; Karanja et al. 2003; Kassie et al. 2011; Mendola 2007; Nguezet et al. 2011), 
there is currently no such study at the micro-level assessing the impact of aquaculture 
technologies in Kenya. The preceding justifies the relevance of a study that establishes the 









3.2 Approaches to Welfare Impact Analysis of Technology Adoption 
In observational studies where individuals are not randomly assigned to treatment, 
there is possible self-selection problems, given differences in observed household 
characteristics. Specifically, selection bias occurs if there is non-zero correlation between 
the unobservables in the outcome equation and the endogenous adoption variable. In the 
presence of selection bias, estimating adoption and outcome equations with ordinary least 
squares (OLS) will yield biased and inconsistent estimates (Guo and Fraser 2015, p. 341), 
and misleading policy conclusions. One way of overcoming selection bias, following 
Rosenbaum and Rubin (1983), is to control for observable characteristics. Controlling for 
observable characteristics allows for comparing welfare outcomes across pairs of 
households for which the treatment assignment appears to be random. This also helps not 
to overstate or understate the effect of the technology on income increase from personal 
observed factors. 
Three approaches have been used in the literature to correct for selection bias in 
observational studies involving impact assessment – the Heckman two-step approach, the 
instrumental variable (IV) procedure, and propensity score matching (PSM) technique. The 
Heckman approach involves estimating an Inverse Mills Ratio (IMR) (the ratio of the 
probability density function and the cumulative density functions of the adoption error term) 
from a first stage adoption regression. The IMR is then included as an additional 
explanatory variable in the second stage outcome equation (Guo and Fraser 2015). The 
Heckman approach is effective under the assumption that the error terms are bivariate 
normally distributed (Guo and Fraser 2015). When the normality assumption breaks down, 







collinearity, when variables in the outcome equation also appears in the adoption equation 
(Puhani 2000).  
The IV approach operates under the same distributional assumptions as the 
Heckman procedure, but in addition requires an extra explanatory variable(s) called 
instrument(s) to “instrument” selection or endogenous variable(s). A basic requirement of 
an instrument is that it is uncorrelated with the error term, but correlated with the covariates 
(exogeneity of the instrument). Empirically, it is challenging to identify instruments to use 
in estimation. Moreover, both the IV and Heckman approaches require the imposition of 
functional form restrictions such as linearity on the outcome equation so that estimated 
coefficients of covariates are the same for adopters and non-adopters. 
PSM on the other hand, does not require any functional, parametric or distributional 
restrictions in specifying the relationship between outcome and adoption equations. 
Moreover, covariates need not be exogenous in PSM analysis in order to identify causal 
effects (Kassie et al. 2011). PSM is used to examine program impact by matching treated 
to control with similar characteristics based on a “propensity-score”, but who differ in 
treatment status. The PSM approach has been applied extensively in observational studies 
whose objective is to reveal causal relationships (i.e. cause and effect), when it is infeasible 
to use controlled experimentation to assign participants at random to different programs 
(Cochran and Chambers 1965; Guo and Fraser 2009). Recent advances in PSM and perhaps 
its popularity for empirical application can be traced to the pioneering work of Rosenbaum 
and Rubin (1983; 1985). They defined a propensity score as the “conditional probability of 
assignment to a particular treatment given a vector of observed covariates.” Controlling for 







In order to examine the causal effects of technology adoption using the PSM 
procedure, we need the outcome of adopters as well as the outcome had they not adopted 
the technology. Ex post, however, each household can only be in one category – adopter or 
non-adopter. Thus, the outcome of adopters had they not adopted is not available (Mendola 
2007; Amare et al. 2012). To create such a comparison group with characteristics similar 
to the adopters, but differing in technology status, PSM requires the conditional 
independence assumption (CIA). In simple terms, the CIA (also called selection-on-
observables) ensures that the household’s decision to adopt a given technology is random 
conditional on observable covariates. This implies that technology selection is random and 
uncorrelated with the welfare outcome, once we control for observed covariates (Mendola 
2007; Khandker et al. 2010).  
Though the PSM has the advantage of handling selection bias by controlling for 
observables, it is unable to correct for unobservable bias (hidden bias). Rosenbaum (2005) 
suggests sensitivity analysis to determine the level of hidden bias at which the inference of 
program impact on outcome will be questionable. Another challenge with PSM is in the 
choice of conditioning covariates (Caliendo and Kopeinig 2008), as there is no consensus 
in the literature as to including variables that affect both participation and outcomes, or 
variables that influence either of these.    
 
3.3 Conceptual Framework and Estimation Technique 
There are number of factors explaining why farmers may not adopt a given 
technological package. Smale et al. (1994) list these factors, including input fixity, 







In addition, household demographic characteristics are likely to limit the extent to which 
inputs are allocated (Sadoulet and de Janvry 1995; de Janvry and Sadoulet 2006). In Kenya, 
most fish farming households use a combination of feeds – improved and farm-made – in 
production. There are those who use only one type of feed and others who use both. 
Optimally, households are expected to choose one type of feed, depending on the net 
profitability of use, assuming risk neutrality, and that households produce fish mainly for 
sale. Since this paper focuses on examining the impact of improved feed technology on 
fish income and poverty, we employ an approach that assumes that households only care 
about the utility of net returns from using the technology. 
A fish farming household will adopt improved feed if the utility of net returns is 
higher than that of the farm-made type. Let 𝑈𝑖𝑛 represent the utility from using improved 
feed and  𝑈𝑖𝑓 be the utility from using the traditional (farm-made) feed, so that adoption 
occurs if 𝑈𝑖𝑛 > 𝑈𝑖𝑓. The 𝑖
𝑡ℎ  household’s decision to adopt the technology depends on their 
individual characteristics as well as farm and other factors collectively denoted 𝑀𝑖, and 
unobserved factors denoted 𝜇𝑖. Now let 𝑍𝑖
∗ represent an indicator variable that conditions 
adoption, defined as 
𝑍𝑖
∗ = 𝑀𝑖
′𝛾 + 𝜇𝑖      (1) 
such that the observed adoption variable 𝑍𝑖 = 1 if 𝑍𝑖
∗ > 0 and 𝑍𝑖 = 0 otherwise. Equation 
(1) depicts a random utility model having both deterministic and random components 
(Gitonga et al. 2013). The equation is estimated as a binary model with the observed 
covariates, depending on the assumptions made about the unobservable component.  
Given the differences in observable covariates 𝑀, households might self-select into 







For example, some fish farmers were invited to attend a series of BMPs workshops. 
Though farmers who participated in the workshops were randomly invited, they were not 
randomly assigned to improved feed adoption category. Thus, the farmers who adopted the 
technology did so based on the information they had received from the workshop, as well 
as individual household and farm level characteristics, resulting in selection bias.  
Now to examine the impact of improved feed adoption on households’ welfare, we 
define a welfare outcome equation for 𝑌𝑖 as 
𝑌𝑖 = 𝑋𝑖
′𝛽 + 𝛼𝑍𝑖 + 𝑖      (2) 
where the outcome equation assumes that welfare 𝑌𝑖, is a linear function of household and 
farm characteristics 𝑋𝑖
′,  and the technology adoption variable 𝑍𝑖. The technology adoption 
variable is endogenous in the outcome equation because of its potential correlation with 
the unobservable welfare covariates.  
Following Amare et al (2012), Angrist (2001), Becerril and Abdulai (2010), Kassie 
et al (2011); Mendola (2007), and Rosenbaum and Rubin (1983; 1985), the impact of 
improved feed technology on fish income and poverty, given non-random assignment of 
households to adoption, is modeled as follows: 
Let 𝑍 = {1,0} be the technology indicator variable defined above.2 Similarly, let 
𝑌1𝑖 represent the welfare outcome if the household adopts the technology, and 𝑌0𝑖 denote 
the outcome otherwise. Thus, the potential welfare outcome and adoption combination is 
defined as:  
𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑜𝑢𝑡𝑐𝑜𝑚𝑒 = {   
𝑌1𝑖      𝑖𝑓      𝑍 = 1
𝑌0𝑖       𝑖𝑓      𝑍 = 0
     (3) 
                                                 







and the observed welfare is 
𝑌𝑖 = 𝑍𝑌1𝑖 + (1 − 𝑍)𝑌0𝑖 which equals  𝑌1𝑖 if 𝑍 = 1, and 𝑌0𝑖 otherwise. 
The quantity of interest is the average treatment effect on the treated (𝑎𝑡𝑡), defined as 
𝑎𝑡𝑡 = 𝐸(𝑌1𝑖 − 𝑌0𝑖|𝑍 = 1) = 𝐸(𝑌1𝑖|𝑍 = 1) − 𝐸(𝑌0𝑖|𝑍 = 1)    (4) 
For any fish farming household, the causal effect of adoption on welfare outcome 
is the difference between the potential outcomes 𝑌1𝑖 − 𝑌0𝑖. This assumes that we know the 
outcome of adopters had they not adopted, which is not the case ex post, because the 
household can only be in one adoption category. To create a counterfactual comparison 
group, we impose the CIA, such that conditional on observed household characteristics 𝑋, 
treatment and outcomes are orthogonal: (𝑌1𝑖 , 𝑌0𝑖) ⊥ 𝑍|𝑋. We then redefine the average 
treatment effect on the treated as  
𝑎𝑡𝑡 = 𝐸(𝑌1𝑖 − 𝑌0𝑖|𝑋) = 𝐸(𝑌1𝑖|𝑍 = 1, 𝑋) − 𝐸(𝑌0𝑖|𝑍 = 0, 𝑋)   (5) 
Now, conditioning on 𝑋𝑖, helps create randomized data of treatment assignment. 
Randomization avoids specifying the functional forms of the estimating equations relating 
(𝑌1𝑖 , 𝑌0𝑖) to 𝑋𝑖 , or specifying which variables are included or excluded from either 
equations (Heckman et al. 1998).  
In order to overcome the “curse of dimensionality” resulting from the large number 
of conditioning covariates, PSM compares households with the same probability 
(propensity) of choosing the technology, given the covariates (Rosenbaum and Rubin 1983; 
1985; Mendola 2007). Conditional on observed covariates 𝑋, the “propensity-score” of the 
𝑖𝑡ℎ household adopting technology 𝑍 is given as  







where 𝐹[. ] is either the normal or logistic cumulative distribution function. Now the 
orthogonality condition, based on the propensity score 𝑃(𝑋𝑖),  becomes (𝑌1𝑖 , 𝑌0𝑖) ⊥
𝑍|𝑃(𝑋𝑖). 
The PSM approach, thus follows two steps. The first step involves estimating the 
improved feed adoption equation as a binary choice model (logit or probit) to predict the 
propensity (p-score) of the 𝑖𝑡ℎ household adopting the technology. In the second stage, the 
predicted “p-scores” are used to match treated to control. Now conditional on the p-scores, 
the average treatment effect of the technology is given as 
𝑎𝑡𝑡 = 𝐸(𝑌1𝑖 − 𝑌0𝑖|𝑃(𝑋𝑖)) = 𝐸(𝑌1𝑖|𝑃(𝑋𝑖), 𝑍 = 1) − 𝐸(𝑌0𝑖|𝑃(𝑋𝑖), 𝑍 = 0).  (7) 
A common support assumption is imposed in order to give households equal chance of 
being adopters, and also bound the propensity scores away from zero and one as 
 0 < 𝑃(𝑍 = 1|𝑋𝑖) < 1. 
 
3.4 Definition of Outcome Variables, and Choice of Poverty Line 
We examine the direct impact of adopting improved feed technology on fish 
income per capita and poverty headcount in Kenya. Fish income is defined as the excess 
of revenue (gross returns) over variable cost of fish production. Fish revenue is the product 
of the per unit price of fish and quantity of fish produced whether or not the fish is sold. 
The variable cost items in fish production are feed, fertilizer, labor, and seed. Fixed cost 
items such as pond area, liner (for lined ponds), and pond construction are treated as sunk. 
Poverty is estimated using the Foster, Greer and Thorbecke (1984) (FGT) formula 
due to its common empirical application and additively decomposable property. The FGT 

















           (8) 
where 𝑃𝛼 is the measure of poverty, 𝑁 is the number of households in the sample, 𝑙 is the 
poverty line, 𝑦𝑖 is a per capita income of the 𝑖
𝑡ℎ household, 𝑠 is the number of poor people 
in the sample (those whose per capita income is at or below the poverty line), and 𝛼 is a 
parameter of “poverty aversion.”3 Depending on the value of 𝛼, the FGT  model estimates 
three measures of poverty. When 𝛼 = 0 (and 00 = 1), the FGT measure is a headcount 
index or the fraction of households in the sample whose incomes fall below the poverty 
line. The poverty gap index is estimated when 𝛼 = 1, and it is a measure of the average 
income needed to bring all households up to at least the poverty line. The severity of 
poverty in the sample is measured by the squared poverty gap index at 𝛼 = 2 to reflect the 
degree of income inequality among the poor (put greater emphasis on the poor. 
Identification of an appropriate poverty line is central to the empirical application 
of the FGT poverty measure. To the best of our knowledge, there are no current estimates 
of a poverty line in Kenya besides those provided by the Kenya National Bureau of 
Statistics (2007).4 Using these figures might lead to underestimating the prevalence of 
poverty among fish farming households in the study area. We therefore use the recently 
                                                 
3 This parameter measures the extent and intensity of poverty among the poor. According to Foster et al, the 
higher the value of 𝛼, the greater the emphasis placed on the poorest poor. Different values are assigned to 
examine household sensitivity to poverty. 
4 The (Kenya National Bureau of Statistics 2007) provides estimates of poverty lines following the Cost-of-
Basic Needs (CBN) method using data from KIHBS. The report provides monthly food and overall poverty 
lines for rural and urban areas based on the consumption of 2,250 kilocalories per adult equivalent per day. 







revised international standard of US$1.90 per person per day by the World Bank, as used 
by Kassie et al. (2011) for Uganda.5 Using this standard, combined with a purchasing 
power parity exchange rate of KShs 38.00 per US dollar for 2013, a poverty line of KShs 
26,353 (US$ 693.5) is used in the current analysis. Moreover, in order to extrapolate the 
results, while comparing it to other countries, it is vital to use the PPP instead of the 
nominal exchange rate. Here, the focus is on the poverty headcount (𝛼 = 0). Thus, the 
terms in the summation in (8) equal one if the household’s per capita income is below the 
poverty line, and zero otherwise. In this paper, income per capita is defined as the sum of 
incomes from fish, crop and animal production as well as non-farming activities, divided 
by the total number of people in the household. During the data collection, respondents 
were asked about the income they received from each of these different sources in the year 
preceding the survey. These incomes were then aggregated into a single unit to represent 
household income. We use income per capita as a measure of poverty in Western and Rift 
Valley regions since the survey did not have a consumption module to help estimate 
poverty using household consumption expenditure data. In addition, the study focuses on 
adoption-induced changes in fish income, rather than on household consumption. 
Moreover, most fish farming households in Kenya consume very little proportion of own 
fish production; so the direct effect of fish production on household fish consumption is 
very small. Households do not eat fish regularly probably because fish matures at some 
point in time, and are harvested and sold at that point in time. There is less occasional 
harvesting of farmed fish for household consumption in the study area.  
                                                 
5 Note that Kassie et al used the former international standard of $1.00 per person per day by the World 







3.5 Data and Summary Statistics 
The analysis uses survey data of fish farming households in the Western and Rift 
Valley regions of Kenya. The survey was conducted between January and March 2014 
using a structured questionnaire. A multi-stage sampling technique was used to obtain the 
sample of aquaculture households to interview. The Western and Rift Valley regions were 
purposively selected in the first stage due to the predominance of fish farming activities, 
and their adoption of pond aquaculture practices. Six sub-counties were randomly selected 
from each region. Finally, a random sample of households was drawn from the aquaculture 
population in each sub-county for interview. The questionnaire solicited information on 
household socio-demographic characteristics; aquaculture production inputs and outputs; 
institutional support services for fish farming; household assets and incomes; government 
aquaculture program participation; and other relevant variables. Thus, the data used covers 
the 2013 production year. Overall, 90 and 108 households were randomly selected from 
the Rift Valley and Western regions respectively. In the Western and Rift Valley regions, 
Tilapia and Catfish are the main fish species cultured, although Tilapia is the dominant 
species.6  
As indicated, two main categories of feeds are identified in Kenya’s fish farms, 
which are obtained from different sources. Some use one type of feed while others combine 
feeds (improved and traditional) in production. Households’ obtain improved feed from 
three major sources – government, cooperatives and manufacturers (private retailers or 
                                                 
6 Some households practice polyculture (cultivating both Tilapia and Catfish in the same pond) while others 
grow only one type. Polyculture operation is meant to diversify fish income as well as control Tilapia 







AquaShops).7 Thus in the context of this study, an adopter of improved feed is defined as 
a household that uses purchased improved fish feed in production, whether solely or in 
combination with the traditional feed type. The implication is that households that received 
improved feed from the government, but made no purchases during the production year are 
classified as non-adopters.  
The spread of improved feed adoption across the study regions is presented in Table 
3.1. Overall, 47 percent of the households adopted the technology, although the distribution 
is non-uniform across the two regions. Adoption is higher in the Western region (54%), 
than in the Rift Valley region (39%). 
 
Table 3.1: Spread of Improved Feed Adoption across Regions 
Region Sample Non-adopters (%) Adopters (%) 
Overall 198 53 47 
Rift Valley 90 61 39 
Western 108 46 54 
Source: Authors, based on 2014 fish farming household survey in Kenya 
 
 
The summary statistics and description of variables included in the analysis are 
presented in Table 3.2. The average household head has about 11 years of education, which 
                                                 
7 Feed sourced from the government usually comes as part of the aquaculture ESP. In addition to the subsidy 
program, a number of feed production and retail outlets are springing up in the country, albeit somewhat 
distanced from the fish production centers. Though the subsidy program provides free feed to fish farming 
households, the quantity acquired by these households is not sufficient to complete a production cycle. Thus, 
farmers supplement the subsidized feed with either purchased improved feed or locally manufactured types. 
The average retail price of improved feed in the 2013 production year is about Kshs 80 per kg. A substantial 
amount of feed is imported from Uganda (fish feeds from Uganda are branded Uga chick/feed), though there 







is near completion of high school. In addition, household heads have about 4 years of fish 
farming experience, with standard deviation of 3.65 years. The number of years the 
household head has been involved in fish farming has the potential to either limit or foster 
improved feed adoption, depending on past experience with the technology.   
 
 
Table 3.2: Description of Variables and Summary Statistics 





Gender 1 if household head is male, 0 otherwise 0.77 0.42 
Age Age of household head in years 49.01 13.03 
Education Years of education of household head 11.40 3.88 
Secondary education 1 if household head has spent at least 12 years in school 0.51 0.50 
Household size Number of people residing in the household 6.85 2.88 
Family labor No. of adults above 15 years who work on fish farm 2.58 1.48 
Experience Household head’s years of fish farming experience 4.38 3.65 
Fish farm size Land area under fish farming in acres 0.16 0.18 
Farm land Total agricultural  land in acres (includes fish land) 7.17 35.71 
Cattle ownership 1 if the household owns cattle, 0 otherwise 0.87 0.33 
Off-farm 1 if household engages in off farm activities 0.69 0.46 
Extension No. of extension contacts received in 2013 2.23 2.94 
Subsidized feed 1 if household received feed from government in 2013 0.26 0.44 
Distance AquaShop Distance from farm to improved feed sale point in km 15.08 14.67 
Distance market Distance from farm to main market in km 9.17 12.09 
Marketing constraint 1 if household faces difficulty marketing fish 0.44 0.50 
Pump 1 if the household owns pump, 0 otherwise 0.19 0.39 
Water source 1 if source of water is river 0.58 0.49 
Western region 1 if household is located in Western region, 0 otherwise 0.55 0.50 
Source: Authors, based on 2014 fish farming household survey in Kenya 
 
 
The sample average fish farm size is 0.16 acres. Fish farm size captures the total 







number of ponds operated by households and the average size of these ponds in square 
meters. The pond sizes were converted into acres for ease of interpretation.  
The proportion of households who accessed government subsidized feed in the 
reference year of 2013 is 26 percent. Access to government subsidized feed in the 
production year can either limit or enhance the adoption of the technology. It is therefore 
important to control for this variable in examining the welfare impact of the technology. 
Table 3.3 presents the differences in welfare outcome variables between adopters 
and non-adopters prior to matching. The average fish income per capita is significantly 
higher for adopters than non-adopters. Specifically, fish income per capita of adopters is 
about KShs 6,576 more than that of non-adopters. Moreover, in the aggregate, adopters 
have KShs 43,674 per capita income more than non-adopters. This difference in income 
has direct reflection on the poverty status of the households.  
 
Table 3.3: Household Welfare Outcomes by Adopter Category 





Fish income per capita (KShs) 8,782 15,358 6,576*** 0.00 11,870 
Income per capita (KShs) 36,809 80,483 43,674*** 0.00 57,323 
Poverty headcount indexa 0.55 0.33 -0.22*** 0.00 0.45 
Poverty gap  indexb 0.25 0.14    -0.11 
 
0.20 
Poverty severity gap  indexc 0.15 0.08    -0.07 
 
0.12 
Exchange rate (Purchasing Power Parity): US$1.00=KShs 38.00 based on World Bank 2013 data for Kenya 
a, b, and c refer to 𝛼 = 0, 1, 𝑎𝑛𝑑 2 respectively in the FGT poverty model in equation 8 
 
Using the FGT poverty measure, the percentage of households whose per capita 







adopters.8 For instance, about 55 percent of the non-adopting households are below the 
poverty line, while the poverty headcount rate of adopters is about 33 percent. The average 
poverty headcount rate for the entire sample is 45 percent, which is lower than that reported 
by the KNBS (2007).In addition, the poverty gap (average income increase required to 
bring all households up to the poverty threshold) and severity are higher among non-
adopters, an indication that adopters are better-off than non-adopters. It must be 
emphasized, however, that these comparisons do not control for other household 
characteristics that might bias selection into adoption, indicating that these figures are 
unconditional estimates. Without controlling for observable characteristics, we may bias 
the estimates of the impact of improved feed technology on household wellbeing. A 
detailed analysis that corrects for these differences, and examines the impact of the 
technology on per capita fish income and poverty is presented below. 
In order to examine the impact of the technology on household welfare, it is 
important to emphasize the descriptive differences in salient variables between adopters 
and non-adopters before matching. These biases will be eliminated by the matching 
procedure, so that households differ only by the technology status. Table 3.4 presents a 
comparison of summary statistics of variables between adopters and non-adopters. One 
distinguishing feature between improved feed adopters and non-adopters is the years of 
education of the household head. On average, heads of adopting households have spent 
significantly more years in school than their counterparts (i.e. adopters have spent 
approximately one more year in school on average than non-adopters). Education is one of 
                                                 







the positive determinants of improved agricultural technologies adoption documented in 
the literature. Given the difference among households in terms of education, this study 
examines the impact of improved feed adoption on welfare based on educational 
stratification using the median years of education as the benchmark. 
 
Table 3.4: Summary Statistics of Differences between Adopters and Non-Adopters 
Variable Non-adopters Adopters Difference p-value 
Gender 0.77 0.76 -0.01 0.55 
Age 49.87 48.02 -1.84 0.16 
Education 10.87 12       1.13** 0.02 
Secondary education 0.46 0.57     0.11* 0.06 
Household size 6.98 6.71  -0.27 0.25 
Experience 3.96 4.86       0.90** 0.04 
Fish farm size 0.12 0.2         0.07*** 0.00 
Farm land 4.97 9.66   4.68 0.18 
Cattle 0.9 0.84    -0.07* 0.08 
Off-farm 0.68 0.71   0.03 0.31 
Extension contact 1.9 2.61       0.72** 0.04 
Subsidized feed 0.17 0.35         0.18*** 0.00 
Distance AquaShop 16.28 13.73  -2.54 0.11 
Distance market 9.44 8.86  -0.58 0.63 
Marketing constraint 0.5 0.39    -0.11* 0.06 
Pump 0.21 0.16  -0.05 0.19 
Water source 0.59 0.57  -0.02 0.61 
Western region 0.48 0.62       0.15** 0.02 
 ***, ** and * represent significant at 1, 5 and 10 percent respectively 
 
 
Another distinctive characteristics between adopters and non-adopters is the fish 
land area operated. Adopters on average cultivate significantly more area than non-
adopters. The average fish farm size of adopters is 0.20 acres, while that of non-adopters 







improved feed technology impacts households with different farm sizes (in terms of the 
number of ponds operated). We therefore stratify the sample into small and large farms in 
the context of this study. 
 Adopters also differ significantly from non-adopters in terms of annual extension 
contacts received. Extension contact here is defined as the number of visits by fisheries 
extension agents to the household. It was particularly important to distinguish visits by 
fisheries extension staff from that of other agricultural extension agents. Fisheries officers 
play critical roles in the intensification of fish farming as well as in the dissemination of 
aquaculture information to fish farmers in the study regions.  
As part of the government’s aquaculture ESP, some households received grants 
(feed, pond construction, fingerlings) from the government. According to Chirwa (2005), 
it is important to control for households receiving the technology in the form of grants or 
gifts. Thus, a dummy variable taking the value of 1 if the household received government 
subsidized feed, and 0 otherwise is used to control for access to government subsidized 
feed. Since the data captures improved feed adoption in 2013, the subsidized feed is also 
referenced to the 2013 production. This implies that households who received subsidized 
feed in years preceding the reference year, but obtained none in the reference year are 
classified as non-recipients of subsidized feed. We expect that households who accessed 
subsidized feed from the government might be more knowledgeable about the benefits, and 
likely adopt than those otherwise. The data seem to suggest that adopters received 
significantly more subsidized feed than non-adopters. 
Moreover, the proportion of households who experienced difficulty marketing 







Households having difficulties accessing fish output markets are less likely to invest in 
improved feed, especially given the rising cost of the technology.  
 
3.6 Results and Discussions: Propensity Score Matching Analysis 
3.6.1 Estimation of Propensity Scores 
The first stage of the analysis involves estimation of p-scores using the observed 
household characteristics. Household characteristics used are classified into the following 
categories: human capital e.g. gender, education, experience, age, household size; 
institutional capital e.g. extension contact, subsidized feed , market access; and physical 
assets e.g. land holdings, fish farm size, ownership of cattle, other farming assets (Mendola 
2007).  
Logit and probit models were estimated for the technology adoption to generate the 
“propensity scores” (probability of adoption). Both logit and probit model results are 
presented as a check of the robustness of the results to changes in distributional 
assumptions (Table 3.5). The binary choice models are estimated as functions of household 
characteristics that may influence improved feed technology adoption and are also possibly 
correlated with poverty and fish income. The significant determinants of improved feed 
adoption are years of education, fish farm size, extension contacts, subsidized feed 










       Table 3.5: Probit and Logit Estimates of the Propensity Score of Improved Feed 
Adoption 
Variable 








Gender -0.069 0.254  -0.105 0.436 
Age -0.007 0.008  -0.011 0.014 
Education    0.051* 0.030     0.085* 0.052 
Household size  0.003 0.036   0.003 0.059 
Experience  0.038 0.029   0.061 0.047 
Fish farm size     1.515** 0.751     2.475* 1.274 
Farm land 0.002 0.002   0.004 0.003 
Cattle -0.393 0.334  -0.661 0.603 
Off farm  -0.003 0.227  0.024 0.390 
Extension contact        0.130*** 0.046        0.208*** 0.074 
Subsidized feed        0.649*** 0.236        1.049*** 0.398 
Distance AquaShop -0.009 0.007  -0.013 0.011 
Distance market  0.006 0.009   0.009 0.016 
Marketing constraint     -0.616** 0.242     -1.010** 0.407 
Pump -0.144 0.301  -0.218 0.516 
Water source -0.118 0.229  -0.247 0.399 
Western region    0.478* 0.264     0.817* 0.460 
Constant -0.630 0.741  -1.066 1.309 
      
Summary statistics 
     
Pseudo R2 0.17   0.17  
LR Statistics 47.23***   41.32***  
Log likelihood -112.65   -112.83  
Number of observations 196   196  
***, ** and * represent significant at 1, 5 and 10 percent respectively 
 
Having faced difficulty marketing matured fish in the past decreases the propensity to adopt 
improved feed. Household heads who have spent more years in school are more likely to 
adopt the technology than those otherwise. Similarly, adoption probabilities increase 







interaction of households with fisheries extension officers might be worth pursuing since 
they will enhance adoption of the technology. 
Once the parameters of the conditioning variables are estimated, the p-scores are 
predicted.9 Among adopters, the p-scores lie between 0.1442 – 0.9921 with a mean of 
0.5748, while that of non-adopters is 0.0652 – 0.8158 with a mean of 0.3685. The 
imposition of the common support constraint therefore restricted the p-scores to [0.1442, 
0.8158]. Figure 3.1 shows a graph of the propensity scores, comparing adopters to non-
adopters and whether a treated observation is on or off the common support. The top part 




                                                 
9 The PSM analysis was conducted in Stata 13 using the psmatch2, psgraph, and pstest commands. Standard 








Figure 3.1: Distribution of Propensity Scores by Treatment and Common Support10 
 
 
3.6.2 Covariates Balancing Test 
In order to ensure that differences in covariates used to estimate the propensity 
scores between adopters and non-adopters are eliminated, a covariate balancing test is 
conducted. Covariate balancing test helps to ascertain that adopters and non-adopters in the 
matched sample do not differ in terms of observable characteristics, except in technology 
status. Rosenbaum and Rubin (1985) propose the mean absolute standardized bias (MASB) 
for covariate balancing. MASB is estimated for each variable before and after matching, 
and then the average for all variables is calculated. When valid, the MASB between treated 
                                                 
10 Note that “Treated off-support” means a household in the adoption group with no suitable comparison in 
non-adoption group. “Treated on-support” is an adopting household with a suitable comparison in the non-
adoption category. “Untreated” is the non-adoption group. 
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and non-treated after matching should not be more than 20 percent. If the standardized 
difference is above 20 percent after matching, it implies that the matching process has 
failed, and consequently lead to bad matches. In addition, Pseudo R2, likelihood ratio (LR) 
statistics and their corresponding p-values are estimated. In terms of model diagnostics, it 
is expected that there are significant differences between adoption groups before matching, 
but these differences are eliminated after matching. Generally, the LR is high, and p-value 
accepts the joint significance of the observed covariates in the unmatched sample, but the 
jointness hypothesis is rejected in the matched sample. This means that differences exist 
between adopters and non-adopters before matching, and that these differences have to be 
eliminated in order to obtain unbiased and consistent estimates of the impact of improved 
feed technology on fish income and poverty. 
The covariate balancing test results for each individual covariate for the matched 
and unmatched samples are presented in Figure 3.2. The figure indicates that absolute bias 
is reduced for all variables in the matched sample. Indeed, the percent standardized bias is 
below 20 for each individual variable in the matched sample, indicating success of the 









Figure 3.2: Individual Covariate Balancing Test 11 
 
The mean covariates balancing test result for all variables used in the matching 
analysis is presented in Table 3.6. The standardized covariates balancing test result 
indicates that the bias reduced from 19.4 percent in the unmatched sample, to 5.58 – 11.68 
percent in the matched sample for the different distributional assumptions and matching 
algorithms. Overall, about 40 – 71 percent of the bias in the conditioning variables was 
reduced with the matching procedure. In addition, the pseudo R2 was reduced drastically 
from 17 percent to about 3 – 8 percent in the matched data, an indication that very little 
variation in improved feed adoption is explained by the covariates after matching. 
Moreover, the likelihood ratio test failed to reject the null hypothesis that the covariates do 
not jointly explain the variation in improved feed adoption after matching, as indicated by 
                                                 
11 Note that unmatched is the difference before PSM analysis while matched is after the matching exercise. 
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the high p-values. The jointness test was, however, always significant in the unmatched 
sample. Generally, the covariates balancing test results indicate that there is no difference 
between adopters and non-adopters after controlling for observable household 
characteristics, except for their technology status. 
 
Table 3.6: Covariate Balancing Test Before and After Matching12 
Matching 

















NNMa Logit 0.06 11.91 0.81 11.68 40 
 
Probit 0.08 16.95 0.46 10.01 48 
NNMb Logit 0.03 6.47 0.99 6.59 66 
 
Probit 0.04 7.49 0.98 6.62 66 
KBMc Logit 0.03 5.99 0.99 5.74 70 
 
Probit 0.03 5.91 0.99 5.58 71 
KBMd Logit 0.04 7.11 0.98 7.58 61 
 
Probit 0.03 6.67 0.99 7.02 64 
a  single nearest neighbor matching with replacement and common support 
b   five nearest neighbor matching with replacement and common support 
c   kernel based matching with 0.06 bandwidth and common support 
d   kernel based matching with 0.03 bandwidth and common support  
 
3.6.3 Average Treatment Effect on the Treated (ATT) 
Two main propensity score matching algorithms commonly applied in the impact 
literature were implemented – nearest neighborhood matching (NNM) and kernel based 
matching (KBM) algorithms. The NNM approach matches treated to control such that the 
                                                 
12 In all model types, Pseudo R2 before matching was 0.17; Likelihood Ratio (LR) before matching was 







matched pairs have the smallest possible absolute propensity score difference between 
them. It can be done with or without replacement. If matching is done with replacement, 
then it is possible that one control observation can be used to match more than one treated 
observation. On the other hand, matching without replacement allows for not using a 
control observation more than once – that is, it is a one-to-one matching (Guo and and 
Fraser, 2015, p. 147). Matching with or without replacement is a trade-off between bias 
and variance (Caliendo and Kopeinig 2008). In the KBM, each treated observation is 
matched on all controls within the common support, instead of a one-to-one or one-to-
many matching. The KBM is based on a weight that is inversely proportional to the distance 
between p-scores of the treated and control categories.  
Here, the single and five nearest neighbor(s) matching algorithms with 
replacements were implemented. In the KBM algorithm, however, Normal kernel densities 
with bandwidths 0.06 and 0.03 were used. These algorithms were implemented for both 
the logit (Table 3.7) and probit (Table 3.8) propensity scores. The results are robust to 
changes in the distributional assumption of the propensity scores, as the qualitative effect 
of improved feed technology on fish income and poverty does not vary with the choice of 
logistic or Normal distributions. The quantitative effects (measured by the magnitude of 
ATT) are, however, different, though not that huge. In addition, changes in bandwidth and 


























        
NNMa 
Log fish income 
per capita 
8.98 8.61 0.37** 0.18 0.05 1.30 
 Poverty headcount 0.32 0.55  -0.23*** 0.07 0.00 1.60 
        
NNMb 
Log fish income 
per capita 
8.98 8.70 0.28 0.20 0.15 1.20 
 Poverty headcount 0.32 0.53   -0.20** 0.11 0.05 1.55 
        
KBMc 
Log fish income 
per capita 
8.98 8.75 0.23 0.18 0.12 1.30 
 Poverty headcount 0.32 0.51    -0.19** 0.09 0.02 1.60 
        
KBMd 
Log fish income 
per capita 
8.96 8.74 0.22 0.19 0.23 1.20 
 Poverty headcount 0.32 0.52    -0.20** 0.10 0.03 1.60 
***, ** and * represent significant at 1, 5 and 10 percent respectively 
 













of hidden bias 
        
NNMa 
Log fish income 
per capita 
8.98 8.65 0.33** 0.17 0.05 1.35 
 Poverty headcount 0.32 0.53  -0.20*** 0.07 0.01 1.55 
        
NNMb 
Log fish income 
per capita 
8.98 8.72 0.26 0.19 0.16 1.25 
 Poverty headcount 0.32 0.54    -0.22** 0.10 0.03 1.65 
        
KBMc 
Log fish income 
per capita 
8.98 8.75  0.23* 0.16 0.10 1.25 
 Poverty headcount 0.32 0.52   -0.19** 0.09 0.02 1.55 
        
KBMd 
Log fish income 
per capita 
8.98 8.76 0.22 0.19 0.27 1.10 
 Poverty headcount 0.32 0.52    -0.20** 0.09 0.03 1.50 







 The targeted welfare outcomes are fish income per capita and poverty headcount. 
We use the logarithm of fish income per capita so as to allow for interpreting the results in 
terms of percentage changes. Specifically, improved feed has significant positive and 
negative effects on fish income and poverty respectively (Table 3.7). The single NNM 
estimates show that adoption of improved feed leads to about 37 percent increase in fish 
income per capita, after controlling for differences in household observable characteristics. 
Moreover, adopting the technology reduces the incidence of poverty by about 23 
percentage points. Depending on the matching algorithm used, the estimated impact of 
improved feed on fish income ranges between 20 and 37 percent, while the fraction of 
households whose per capita income is below the specified poverty line lie between 19 
and 23 percentage points (Table 3.7 and 3.8). This finding is consistent with Becerril and 
Abdulai (2010) for improved maize varieties impact on poverty in Mexico; Kassie et al. 
(2011) for the impact of agricultural technology on crop income and poverty alleviation in 
Uganda; and Mendola (2007) for the impact of agricultural technology adoption on poverty 
reduction in Bangladesh. 
We further examine the impact of improved feed adoption on different categories 
of households by fish land operated (number of ponds), and household head’s education 
level. Since most of the households operate about 0.07 acres (approximately 300 square 
meters, which is the size of a single pond constructed by the government under the 
aquaculture ESP), we stratified the sample into two groups. The first group is considered 
small farms and operates a single pond of area less than 0.08 acres, while the second group 
operates more than one pond with total size greater than or equal to 0.08 acres. While this 







of just one pond of the size constructed by the government under the ESP, while large 
farms have more than the equivalent of one of such standard ponds. Thus, the results should 
be interpreted in terms of the number of ponds owned by the household. The analysis was 
conducted using the single NNM algorithm with common support and assuming a logistic 
distribution. We find a differential income effect of 67 percent for small farms and about 
41 percent for large farms (Table 3.9). Similarly, the poverty reduction effect was about 31 
percentage points for small farms and 19 percentage points for large farms. Thus, in the 
context of this study, the results indicate that in terms of scale, improved feed is more 
beneficial to smallholders operating a single pond, than those operating more the average 
of one pond. The land stratification results support the notion that improved agricultural 
technologies have income increasing and poverty reducing effects on poor smallholder 
households in developing countries. Intuitively, households operating an average of a 
single pond are better able to manage it in-terms of resource allocation, than those operating 
more than one pond given low technical knowhow in the regions. Moreover, the continuous 
rise in improved feed price might limits the share of improved feed in total feed usage on 
farm, implying that the full benefit of the technology might not be achieved by the intended 
beneficiaries, especially for those operating more than an average of one pond and are 












Table 3.9: Impact of Improved Feed Technology by Education and Land Categories 









of hidden bias 
        
Fish farm 
size 
       
Small 
Log fish income 
per capita 
8.77 8.10 0.67** 0.28 0.02 1.80 
 
Poverty headcount 0.31 0.62 
 -
0.31*** 
0.13 0.01 1.45 
        
Large 
Log fish income 
per capita 
9.19 8.78 0.41* 0.24 0.08 1.15 
 
Poverty headcount 0.29 0.48 -0.19* 0.11 0.09 1.30 
Education 
       
Less than 
high school 
Log fish income 
per capita 
8.68 8.43 0.25 0.26 0.34 1.00 
Poverty headcount 0.46 0.66 -0.20 0.15 0.18 1.10 
        
At least high 
school 
Log fish income 
per capita 
9.18 8.77 0.41 0.34 0.23 1.00 
Poverty headcount 0.19 0.38 -0.19 0.17 0.26 1.15 
***, ** and * represent significant at 1, 5 and 10 percent respectively 
 
  
The educational stratification of the data was based on the completion of high 
school by the household head.  The first group contains households whose heads have 
completed at least high school (spent at least 12 years in school).  The second cohort, 
however, comprises those with years of education below that required for the completion 
of high school. The educational stratification result provides no evidence that improved 
feed technology impact household welfare based on educational disparity. This can be 







additional year of education will not necessarily increase the pool of knowledge that an 
individual acquires. 
3.6.4 Sensitivity Analysis on Hidden Bias 
Since the PSM technique matches adopters to non-adopters based observable 
household characteristics, unobservable factors may be another source of bias. 
Unobservables might simultaneously affect both adoption and welfare outcomes, thereby 
creating hidden bias, and render possible conclusions questionable. To address the issue of 
hidden bias, the paper employs the Rosenbaum (2005) sensitivity analysis technique to find 
a critical value (called gamma) of hidden bias at which the results may not be robust. This 
means that if households with the same observable characteristics differ in their odds of 
adoption by the range of gamma, then the conclusion that improved feed technology 
impacts household welfare might be questionable. When there is no hidden bias, then 
gamma equals one. 
The sensitivity analysis results indicate that the ATT estimates are less sensitive to 
changes in unobservables (last column of Tables 3.7 – 3.9). Once observable characteristics 
differences between treatment and control groups are eliminated, the critical level of hidden 
bias at which our conclusion that improved feed technology exerts positive and negative 
effects on fish income and poverty respectively may be questionable is in the range of 1.15 
– 1.60. These results indicate that if households differ in their odds of being adopters by 
15 – 60 percent, then the conclusion that improved feed technology exerts positive effect 
on fish income and a negative effect on poverty may be questionable. As indicated by 
DiPrete and Gangl (2004), however, the Rosenbaum bounds are “worse-case” scenarios, 







fish income and negative effect on poverty. These notwithstanding, variables such as total 
value of household assets, and household’s participation in land markets are important in 
determining adoption and welfare outcomes of households, which the current study did not 
capture.   
 
3.7 Conclusion and Policy Implications 
This paper examines the direct impact of improved fish feed technology on fish 
income and poverty levels in Western and Rift Valley regions of Kenya using propensity 
score matching techniques. The adoption of improved aquaculture technologies such as 
feed can be seen as a pathway to increasing productivity and raising the living conditions 
of smallholder households in Kenya. In line with this, Kenya’s aquaculture sector has seen 
tremendous government budgetary allocation in recent years as part of a program aimed at 
revamping the economy following its growth decline in 2007. A major component of the 
program is improved fish feed subsidization which extended beyond the initial program 
year. 
The analysis is based on data collected through interview of a random sample of 
fish farms in Western and Rift Valley regions of Kenya. The data shows evidence of 
variations in the distribution of household characteristics between adopters and non-
adopters. Using the international standard of US$1.90 per adult per day as the poverty line, 
and a purchasing power parity exchange rate, unconditionally, about 45 percent of the 
sampled households have per capita incomes below the specified poverty line. Poverty 







The binary choice model results indicate that improved feed adoption is facilitated 
by education, fish farm land operated, extension contacts, subsidized feed acquisition, and 
ease of fish marketing. After controlling for observable household characteristics, our 
analysis shows that adoption of improved feed has a positive income effect and a poverty 
reduction component. Specifically, adopters have 20 – 37 percent more fish income per 
capita than non-adopters. Similarly, adoption of the technology reduces the proportion of 
households whose per capita incomes lie below the poverty line by about 19 – 23 
percentage points. The positive impact of the technology on income and its consequential 
reduction in poverty implies that the technology is beneficial and therefore promotion to 
other parts of the sub-region is a promising development strategy. To gain more insight 
into the impact of the technology on different categories of households, the study stratified 
households based on fish farm size and educational level. The stratification results indicate 
that the technology has a higher welfare impact among smallholder fish farming 
households operating a single pond, but no differential impact on education.  
The overall conclusion is that improved fish feed has direct income increasing and 
poverty reducing effects on households in the study area, especially among small scale 
operators. The implication is that programs that promote supply of improved feeds to 
households may be especially effective in aiding these households. In addition, creating 
market opportunities for households is an important factor to enhance adoption of the 
technology. If households invest in improved feeds, but have limited access to output 
markets, then the full impact of the technology on income and poverty may not be realized. 
Also, providing fisheries officers with adequate resources to facilitate their continuous and 







Moreover, with the rising cost of improved feed as a result of an unstable exchange rate, a 
major concern is sustainability of adoption once the government feed subsidy program is 
terminated. An alternative development strategy would be to motivate domestic feed 
producers to use locally available ingredients in feed production. This approach will not 
only reduce feed prices, but will help sustain improved feed adoption and foster profitable 
aquaculture enterprises.  
Notwithstanding these direct benefits, future research that examines the indirect 
impact of the technology on household nutritional outcomes, rural employment, prices, and 
health may further identify the contributions of the technology to improving the quality of 
life in Kenya. This additional research will be vital at broadening our understanding of the 
role that improved feed adoption in fish farming can play in international development and 
its implications for food and aquaculture policy formulation. Future research can also 
extend the analysis beyond the Western and Rift Valley regions of Kenya. Finally, 
variables such as value of household assets and fish farming household participation in 
land markets could be considered in future surveys directed towards examining the impact 
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CHAPTER FOUR: AQUACULTURE FEED TECHNOLOGY ADOPTION AND 
WELFARE IMPACTS IN GHANA 
4.1 Introduction 
Aquaculture has been hailed as a complementary source of fish protein, with the 
share of aquaculture in world fish production expected to continue soaring, especially in 
developing countries (FAO 2012; 2014). Increasing and sustaining aquaculture production, 
however, depends partly on the adoption of improved technological packages at the farm-
level. Extant  empirical evidence indicates that the adoption of improved technologies in 
developing countries brings direct economic benefits to adopting households, with positive 
spillover effects to non-adopters, and other actors in the technology’s production and 
consumption value chains (Mathenge et al. 2014; El-Shater et al. 2016). Direct economic 
benefits from technology adoption accrues to households through increased production, 
and consequently, positive income effects.  
 A number of studies have examined the impact of improved agricultural 
technologies and practices on household welfare in developing countries (Becerril and 
Abdulai 2010; Coromaldi et al. 2015; Mathenge et al. 2014; Kabunga et al. 2014). 
Empirical analyses of the impact of agricultural technologies and practices on household 
welfare have mostly focused on income, consumption, poverty, and food security. For 







income and food security in Kenya. The authors found the technology to considerably 
increase income when combined with improved crop management practices. Using the 
household food insecurity access scale (HFIAS), the authors found evidence that the 
technology contributes significantly to food security status of adopting households. On the 
impact of improved agricultural technologies on poverty, Mathenge et al. (2014) found a 
negative relationship between hybrid seed adoption and poverty gap (the amount by which 
household income is below the poverty level) in Kenya.  
Empirical analyses of the welfare impact of improved technologies is, however, 
limited for aquaculture technologies. In fact, most studies in this area have focused on 
aquaculture’s contribution to household welfare outcomes within a broader agricultural 
context (Nguyen et al. 2016; Stevenson and Irz 2009; Toufique and Belton 2014). These 
studies found positive contribution of aquaculture to household welfare outcomes. Thus, 
any technological change in aquaculture that shifts its supply curve outward will generate 
positive income effects, and consequently, reduction in the poverty status of beneficiary 
households.  
Feed constitutes the main variable cost element in any aquaculture enterprise – it 
has been estimated that feed constitutes 30-80 percent of the total variable costs of 
production, depending on the farming system practiced (Neira et al. 2005). In effect, 
improvements in fish feed technologies will potentially enhance productivity in 
aquaculture, and consequently, household welfare outcomes. For the technology to achieve 
impact on households, it must be adopted, and the intensity of its use will be related to the 







households’ decisions to adopt the feed technology and the extent of adoption, as well as 
possible welfare implications.  
 Using farm-level data from a cross-section of fish farming households, this study 
examines the adoption and intensity of adoption1, and welfare impact of improved feed 
technology in three regions of Ghana. Two important issues related to technology adoption 
are addressed here. First, the factors influencing the adoption of improved feed and 
intensity of adoption are examined using a double-hurdle modeling approach that allows 
for the simultaneous examination of adoption and the intensity of adoption factors (Cragg 
1971). Second, the impact of the technology on household welfare outcomes (fish income 
and poverty) is analyzed. There are, however, methodological issues in assessing the 
welfare impact of the technology, given that households were not randomly assigned to 
adoption. To overcome these methodological issues, this study employs the propensity 
score matching technique. 
Ansah (2014) compares enterprise budgets of commercially formulated pelleted 
floating feed, to that of traditional sinking type in Ghana. The author finds improved feed 
to increase profit from fish farming by approximately four times that of the traditional 
sinking feed. The author’s findings indicate that, though improved feed is expensive, it is 
a better technology than traditional feed because, while it is more expensive than traditional 
feed, fish feed conversion is so much better that it pays. Against this background, a number 
of reasons justify the relevance of the current study. As the role of aquaculture grows as a 
fraction of the Ghanaian economy, there is a need for the adoption of productivity 
                                                 







enhancing technologies such as improved feed (commercially formulated pelleted floating 
feeds) by smallholder fish farmers. The factors influencing adoption of improved feed and 
the extent thereof in Ghana has not been studied yet. Moreover, it is important to examine 
the impact of the technology on household wellbeing, and document the impact the 
technology makes on household welfare outcomes. This study conducts a rigorous poverty 
analyses of the aquaculture sector in three study regions of Ghana – the Ashanti, Brong-
Ahafo and Western. The study also fills the gap in knowledge for researchers and policy 
makers as the country makes progress towards the relevance of the aquaculture subsector.  
 
4.2 Background: Aquaculture in Ghana 
Aquaculture constitutes a minor proportion of total agricultural income in Ghana, 
with fisheries and aquaculture constituting about 5 percent of agricultural GDP. Ghana’s 
total fish production has been below the country’s potential2. According to the Ministry of 
Food and Agriculture (MoFA), over the past seven years (2008 – 2014), the country 
produced less than 60 percent of the fish requirement in the country, and imported about 
160,000 metric tons of fish and fish products per annum (MoFA 2013 Annual progress 
reports). This notwithstanding, over the same period, the total value of fish production 
increased from Ghȼ763 million in 2008 to Ghȼ3,347 million in 2014 (MoFA 2013; 2014). 
Aquaculture’s contribution to total fish production in Ghana has been rising, with total 
farmed fish production increasing from 91.84 metric tons in 2008 to 32,512 metric tons in 
2013. About 34 percent of the total farmed fish production over this period came from 
smallholder farms, mainly operating ponds, while the remaining 66 percent resulted from 
                                                 







commercial farms operating cage farms3 (MoFA 2014). Ghana’s total fish requirement in 
2013 stood at 1.062 million metric tons, compared to 434,120 metric tons produced from 
all sources, with aquaculture contributing about 7 percent to this total production. A major 
policy objective of the Fisheries sector is to stabilize capture fisheries production, shore up 
aquaculture production, and supplement with imports in the short to medium term. The 
2014 MoFA annual progressive report indicates that aquaculture currently contributes 
about 9 percent to total fish production in the country. 
The rise in Ghana’s aquaculture production in recent years can be attributed to 
government programs, and donor supports from organizations such as USAID, World Bank, 
Food and Agriculture Organization (FAO) of the United Nations (UN), the Danish 
International Development Agency (DANIDA), the Australian Government, and other 
donor agencies. The government of Ghana instituted measures to increase aquaculture 
production from 10,200 tons in 2010 to a target of 100,000 tons by end of 2016, through 
the Ghana National Aquaculture Development Plan (GNADP). The share of aquaculture 
in total fish production is expected to reach 30 percent, by 2016 from the 2010 level of 3 
percent following the implementation of the GNADP contents. At the same time, the value 
of aquaculture production is expected to reach Ghȼ 682.5 million (US$ 362 million) in 
2016 (Ghana Fisheries Commission 2012). Though most regions in Ghana are well suited 
for fish farming, the Ashanti, Brong-Ahafo, Western, Volta and Eastern regions are the 
major aquaculture production regions. Volta and Eastern regions are known for cage fish 
production due to the geographic location of the Volta Lake.  
                                                 
3 These are artificially built cages that farmers place in rivers or lakes, stock them with fingerlings, and 







These notwithstanding, the aquaculture sector in Ghana still faces a number of 
challenges in its quest to contribute significantly to total fish production, food security and 
livelihoods of households. The challenges faced by the sector include lack of readily 
available and affordable quality fingerlings and feeds; lack of markets and credit facilities; 
and poor adoption of improved aquaculture production practices (Asmah 2008). 
 Two categories of feeds are recognized in Ghana’s fish farming system – improved 
and traditional feeds. Traditional feeds are generally sinking types, which are manufactured 
locally at the farm-level.4 Improved feed types are commercially formulated pelleted feeds, 
with floating characteristics, and are nutritionally balanced. In addition, improved feeds 
normally have protein contents in the range of 28 – 40 percent, with low feed conversion 
ratios (FCR), and are more expensive than the traditional feed.  
   
 
4.3 Theoretical Framework for Improved Feed Adoption/Demand 
4.3.1 Household’s Optimization Problem 
Many rural households in Ghana are involved in production and consumption 
decisions. In Ghana as in most developing countries, however, markets are imperfect, and 
institutions ill-functioning (Feder et al. 1985; Yesuf and Köhlin 2008). In the context of 
poor-functioning institutions and imperfect markets, de Janvry et al. (1991) and Sadoulet 
and de Janvry (1995) indicate that household production and consumption decisions are 
non-separable. Non-separable production and consumption decisions implies household 
                                                 








resource allocation, including technology choice and consumption decisions are made 
jointly, and are influenced by household sociodemographic characteristics.  
To model the demand for improved feed in a non-separable household decision 
framework, we follow Sadoulet and de Janvry (1995). Assume a fish farming household 
maximizes utility 𝑢(𝒄𝒊, 𝒛𝒉)  by allocating input 𝑥𝑖  (𝑖 = feed, fertilizer, seed, and other 
inputs) to produce output 𝑞𝑖 (𝑖 = tilapia and/or catfish) and consuming commodity 𝑐𝑖 (𝑖 =
 food and non-food items).5 The household’s objective function is therefore given as 
𝑚𝑎𝑥
𝑥,𝑞,𝑐
= 𝑢(𝒄𝒊, 𝒛𝒉)      (1) 
where 𝑢 is the utility function, assumed to be continuous, increasing and quasi-concave in 
its arguments to ensure maximization well-defined solution; and  𝒛𝒉 is a vector of structural 
characteristics of the household relevant for production and consumption decisions 
including household size, age, education, etc. The decision variables in this optimization 
problem are the production input 𝑥𝑖, production output 𝑞𝑖, and consumption good 𝑐𝑖.  
 The maximum utility obtainable by the fish farming household is limited by a 
number of constraints discussed below. In what follows, the sets 𝑇 and 𝑁𝑇 denote tradable 
and non-tradable commodities respectively. First, the household faces a cash or budget 











          
 (2) 
                                                 
5 Note that some fish farming households in Ghana also engage in other agricultural activities such as crop 
and animal production. Here, we make the restrictive assumption that all households under consideration 









where  𝑝𝑖 and 𝑤𝑖 are the per unit prices the household faces for outputs and factor inputs 
respectively; 𝑀𝑖 is the initial endowment of the household including labor and consumed 
commodities; and 𝑆 is the initial cash endowment or transfers (or remittances), including 
ownership of livestock and farm assets. The budget constraint ensures that the household 
does not consume more than the sum of the value of its endowments and production, 
transfers, less total cost of production.  
The second constraint limiting household utility maximization is credit availability 
and accessibility. In Ghana, some improved feed dealers supply feeds to fish farming 
households on credit, though not all households have access to this. Moreover, inputs 
purchased on credit can be substantially more costly than if the household had paid cash at 
the time of purchase, reflecting a high effective interest rate. The credit constraint facing 




∑ 𝑝𝑖(𝑞𝑖 + 𝑀𝑖) +
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𝑖=1
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where 𝐵 denotes credit accessibility from different sources including inputs and outputs 
purchased on credit; and 𝑇𝐶  is traded goods subject to credit constraint. The credit 
constraint ensures that the household does not consume more than the sum of the value of 
its endowments and production, transfers, less total cost of production.  
The maximum utility obtained is also limited by the technology or production 








𝐻(𝑞, 𝒛𝒉, 𝒙; 𝒌) = 0     (4) 
where 𝒌 is a vector of fixed capital assets including surface area of fish pond, water pumps, 
pond lining, and fishing nets used in fish production. The production (q) is assumed to be 
increasing, twice continuously differentiable, and concave in inputs to ensure a well-
behaved household choice problem.  
Moreover, the household is assumed to be a price taker for tradable commodities 
(fish output) and production inputs (feed, fertilizer, seed and labor). The exogenous market 
prices for tradable outputs and inputs are given respectively as 𝒑, and 𝒘.  
In effect, the exogenous market prices for tradable commodities and production inputs 
indicate prices the household faces at the time the feed input choice decision was made. It 
ensures that fish input and output prices that the household face is tantamount to the 
average prices faced by all households in the study area.  
Finally, the household is constrained with balancing supply and demand for non-
tradable commodities and production inputs. This is called equilibrium for non-tradables, 
denoted by the following equation 
𝑐𝑖 ≤ 𝑞𝑖 +  𝑀𝑖     ∀      𝑖 ∈ 𝑁𝑇     (5) 
This constraint ensures that household’s consumption of non-tradable commodities does 
not exceed the sum of total production of non-tradables and initial commodity endowment 
of such non-tradables.  
 
Solution 
The solution to the above constrained optimization problem for improved feed 








conditions, based on production decision variables. Again, following de Janvry et al. 
(1991), and Sadoulet and de Janvry (1995), the solution for improved feed input 
adoption/demand is given as 
𝑥∗ = 𝑥(𝒘∗, 𝒑∗, 𝒛𝒉, 𝑆, 𝐵, 𝒌)     (6) 
Given the suggested properties of the production and utility structures of the 
household, the second order sufficient condition for maximization is assumed to be 
satisfied, so that the above function represents the optimal improved feed demand as a 
functions of the choice problem variables, technology, and utility. The endogenous price 
variables, 𝑤∗  and 𝑝∗  and all the other endogenous variables depend on the exogenous 
market prices  𝑤  and  𝑝  and other exogenous variables , (𝒛𝒉, 𝑆, 𝐵, 𝒌) .  By replacing the 
endogenous price vectors with their respective exogenous vectors, the preceding function 
becomes: 
𝑥 = 𝑥( 𝒘,  𝒑, 𝒛𝒉, 𝑆, 𝐵, 𝒌)     (7) 
where the arguments are as defined above. The fish production function is assumed to 
exhibit constant returns to scale, so that the improved feed input demand function is 
homogenous of degree zero in input and output prices, given household characteristics and 
fixed production inputs. 
 
 
4.3.2 Reduced Form Model of Improved Feed Demand 
The preceding leads to the following reduced estimable form model for improved 
feed demand: 








where 𝑋 is the quantity of improved feed used on the fish farm in 2013 production year; 𝑷 
is a vector of observed input and expected output prices, including Tilapia price, improved 
feed price, and traditional feed price. In the reduced form estimable model, we distinguish 
between household demographic characteristics, institutional, and farm level technical 
factors. The vector 𝑯  captures household characteristics relevant in improved feed 
purchase decision and the intensity thereof, including education, experience, household 
size, age, and gender. Farm level factors that influence improved feed adoption and demand 
are contained in vector 𝑭. The farm level factors include fish farm size, agricultural land 
owned by the fish farming household, and water pump. Access to support services for 
aquaculture operation such as extension services, membership of farmer organizations, 
knowledge of the technology, and other transaction costs items are captured in vector 𝑰. 
Finally, access to credit for fish farming operation is captured in B. 
 
4.3.3 Econometric Strategy for Improved Feed Adoption/Demand 
Given the two categories of feed – improved and traditional, a representative 
smallholder fish farming household in Ghana might belong to either of three categories in 
terms of how much improved feed it uses during a production cycle. First are those that did 
not use improved feed and therefore have zero observed demand for it. Second, those that 
use only improved feed, so that the share of improved feed in total feed usage is 100 percent. 
Finally, those using both improved and traditional feeds, such that improved feed share in 
total feed usage in a given production year is bounded away from zero and unity. There is 
therefore missing quantity choice information for those using just one type of feed.  For 








choice for them. Thus, the study employs a corner solution model that treats zeros as 
optimal choices rather than as unobserved quantities. Following the distribution of the 
quantity choice/demand variable, a possible corner solution model is lognormal double 
hurdle (DH) model. A DH model for input demand requires overcoming two independent 
hurdles – adoption decision and quantity choice hurdles (Coady 1995; Wooldridge 2010; 




′ 𝛽𝑘 + 𝜇𝑘 
𝐴𝑘 = {
 1   𝑖𝑓    𝐴𝑘
∗  >  0
 0     𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
     (9) 
 
Similarly, the quantity choice hurdle is specified as 
𝑋𝑘
∗ = 𝑒𝑥𝑝 (𝐷𝑘
′ 𝛼𝑘 + 𝑘), 
𝑋𝑘 = {
 𝑋𝑘
∗   𝑖𝑓  𝑋𝑘
∗ > 0 𝑎𝑛𝑑  𝐴𝑘  =  1
 0                    𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
     (10) 
where the subscript 𝑘 refers to the 𝑘𝑡ℎ household; 𝐴𝑘 is the discrete adoption variable of 
improved feed; 𝐴𝑘
∗ is a latent variable conditioning the adoption variable, 𝐴𝑘; 𝑋𝑘 refers to 
the quantity of improved feed purchased and used on farm; 𝑋𝑘
∗ is the latent variable of 𝑋𝑘; 
𝑁𝑘
′  and 𝐷𝑘
′  are vectors of conditioning variables for adoption and demand equations 
respectively; 𝛼𝑘 and 𝛽𝑘 are parameters to be estimated for adoption decision and intensity 
of adoption respectively; 𝑘 and 𝜇𝑘 are respectively, the normal and lognormal distributed 
error terms.  
                                                 








The first hurdle involves the household’s decision to use the technology – a 
dichotomous decision, warranting a binary choice modeling framework (probit model). 
Once the first hurdle has been estimated, the second hurdle then involves a quantity choice 
– how many kilograms of improved feed to purchase and use on farm.  The dependent 
variable in the second hurdle is the logarithm of the quantity of improved feed purchased 
and used on-farm in the 2013 production year. Logarithmic transformation helps mitigate 
the effect of skewness of improved feed, and also allows for estimating the conditional 
expectation of demand for changes in the covariates (Wooldridge 2009, p.191). Thus, a 
lognormal hurdle model is specified for the quantity choice equation, and estimated using 
a truncated regression estimator.  
The two equations are assumed independent (Wooldridge 2010), and are estimated 
using a maximum likelihood estimation (MLE) procedure. The coefficients from the probit 
and truncated estimators do not represent the magnitudes of changes in covariates for 
adoption and demand respectively. They only help identify the sign or direction of the 
impact of the change. In order to obtain the magnitudes, average partial effects are 
estimated for both the adoption and demand models, evaluated at the means of the 
covariates and the estimated parameters.  
 
4.4 Examining the Impact of Improved Feed Technology on Household 
Welfare 
 
4.4.1 Improved Feed Adoption and Household Welfare 
In order to examine the impact of improved feed technology on household welfare, 
two sets of equations are defined – a welfare outcome and technology adoption equations.  









′ 𝛽 + 𝛼𝐴𝑘 + 𝑘      (11) 
Assuming a risk neutral household, and following from the conceptual framework in the 
preceding section, the adoption equation is reproduced for completeness as  
𝐴𝑘
∗ = 𝑁𝑘
′ 𝛽𝑘 + 𝜇𝑘, so that 𝐴𝑘 = {
 1   𝑖𝑓    𝐴𝑘
∗  >  0
 0     𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
.     (12) 
The outcome equation (11), indicates that welfare is a linear function of household and 
farm level factors 𝑍𝑘
′ , as well as the technology variable 𝐴𝑘. Adoption model variables and 
their respective parameters are as defined above.   
There is possible endogeneity of the technology variable in the outcome equation, 
so that the correlation between the technology variable and the stochastic component of the 
outcome equation is non-zero, a critical requirement of an OLS estimator. Moreover, given 
that the covariates,  𝑁𝑘
′  condition improved feed adoption, there is possibility of households’ 
self-selecting themselves into adoption of the technology, rather than being randomly 
assigned into the adoption cohort. Thus, given the differences in household characteristics, 
they can decide to adopt the technology or not, leading to selection bias 
In the presence of this selection bias, the adoption and outcome equations are likely 
to be non-orthogonal, so that correlation between unobservables in the two equations are 
non-zero. This adoption-outcome interdependence can be explained as follows. Adoption 
of improved feed helps raise fish output and consequently, fish income and household 
income. Conversely, richer and better-off households are more likely to adopt the 
technology than poor households, ceteris paribus. Interdependence between adoption and 
outcomes has to be taken into account in examining the impact of the technology on 








unobservables, and the presence of selection bias means estimating the technology’s 
impact on household welfare using OLS would lead to bias and inconsistent estimates, and 
consequently, misleading conclusions and policy implications. 
 
4.4.2 Correcting for Selection Bias: PSM 
There are a number of non-experimental evaluation techniques available for 
correcting selection bias in estimating the impact of a technology on welfare, when 
individuals are not randomly assigned to treatment – instrumental variable (IV), Heckman 
two step, and propensity score matching (PSM) (Puhani 2000; Heckman and Navarro-
Lozano 2004; Rosenbaum and Rubin 1983). The IV and Heckman procedures have 
methodological challenges of functional form and distributional restrictions. Moreover, the 
IV technique requires instrumental variable(s), which can be difficult to obtain and 
implement empirically.  
On the other hand, the PSM technique corrects for selection bias, without requiring 
any of the above restrictions. In examining the impact, the PSM works by matching 
adopters to non-adopters using propensity scores generated from observable characteristics 
that affect both technology adoption and the welfare outcome variables (Smith and Todd 
2005). Empirical application of PSM, however, requires a strong assumption – conditional 
independence assumption (CIA). The CIA implies that, conditional on observable 
covariates that are not affected by treatment, the adoption and outcome equations are 









There are a number of PSM estimators available for matching in empirical impact 
analysis. The most commonly used are the kernel based matching (KBM) and the nearest-
neighbor matching (NNM). The KBM is a nonparametric matching estimator that uses all 
individuals in the control group to construct the counterfactual outcome (Caliendo and 
Kopeinig 2008; Smith and Todd 2005). Smith and Todd (2005) further indicate that the 
KBM can be seen as a weighted regression of the counterfactual outcome on an intercept 
with weights given by the kernel weights. The application of the KBM requires the 
specification of a kernel density function with an appropriate bandwidth. Here, the Normal 
density with 0.06 and 0.03 bandwidths are used, following Becerril and Abdulai (2010), 
Kassie et al. (2011), and Mendola (2007).  
The NNM on the other hand matches adopters to non-adopters with the closest 
possible “propensity score”, which is predicted from a first stage binary choice model 
estimation, conditioned on observable covariates. Empirically, the NNM requires 
specifying the number of neighbors to use in the algorithm, as well as whether a control 
observation should be used more than once – matching with or without replacement. 
Matching with or without replacement is a tradeoff between bias and variances in the 
matched estimates. The single and five nearest-neighbors are implemented here, since they 
are the most widely used in the literature (Khonje et al. 2015; Kassie et al. 2011; Asfaw et 
al. 2012; Becerril and Abdulai 2010).  
 
4.4.3 Robustness Checks 
Since the PSM technique matches adopters to non-adopters based on observable 








affect selection into treatment might bias the matching outcomes, and misleading policy 
deductions. To account for unobservables, the study conducts a Rosenbaum (2005) 
sensitivity analysis on hidden bias to examine the extent to which the presence of 
unobservables would undermine the results, and render possible conclusions drawn, 
questionable. Moreover, Heckman et al. (1998), and Smith and Todd (2005) indicate that 
matching analysis might be responsive to changes in the specification of the propensity 
score model. It is therefore important to check for the robustness of the matching results to 
changes in the propensity score functional form specification. Thus, we follow Kassie et 
al. (2011) to include higher powers of some covariates in different specifications of the 
propensity score functions. The propensity scores are estimated by assuming both normal 
and logistic cumulative distributions. 
 
4.4.4 Welfare Outcome Variables Measurements 
The outcome variables of interest in this study are fish income per capita and 
poverty headcount. Here, fish income per capita is defined as the net value of farmed fish 
production divided by the total number of people residing in the household. Poverty 
headcount is the number of sampled households whose per capita income falls below a 
specified poverty line. Per capita income is the sum of the incomes from fish, crop, and 
livestock production, and those from off-farm activities, divided by household size.  
The current study is, however, focused on the adoption-induced income effect of 
the technology, and therefore we do not examine consumption poverty, which has been a 
main focus variable for welfare impact analysis in the literature. In addition, the proportion 








given that most farmed fish in the study area are sold to generate income for household use. 
Moreover, the survey data used in this study did not have a consumption expenditure 
module to help examine the impact of the technology on consumption expenditure poverty. 
In order to estimate the poverty status of fish farming households in Ghana, we use 
the FGT poverty decomposition formula (Foster et al. 1984). The empirical application of 
FGT poverty model requires the specification of a poverty line to allow for decomposing 
poverty into various components. This paper uses the recently revised international 
standard of US$1.90 per person per day adopted by the World Bank. The purchasing power 
parity (PPP) exchange rate is also employed here for international comparability of the 
results. Since the data collection in 2014 covered the 2013 production year, the 2013 PPP 
of Ghȼ 0.92 to US$1.00 for Ghana is used, available at the World Bank database sites.  
 
4.5 Data 
This study uses cross-sectional survey data obtained through a structured 
questionnaire administered to fish farming households in Ghana. The survey was 
conducted from March through April, 2014 for the 2013 production year and administered 
by trained enumerators. The survey questionnaire gathered information on households’ 
socioeconomic characteristics; access to support services for aquaculture; farm level 
outputs and inputs; technology adoption and constraints to fish farming; household assets 
and income sources; and other relevant variables. A multi-stage sampling technique was 
adopted in selecting households for the survey. In the first stage, the Ashanti, Brong-Ahafo 
and Western regions were purposefully selected. The second stage also involved 








smallholder farmers. Thus, the sample comes from the fish farming population in these 
regions. 
 The number of districts in each zone varies, but falls in the range of 2 to 6, 
demarcated by the Ministry of Fisheries and Aquaculture Development (MOFAD) for 
administrative purposes. Moreover, there was variation in the number of zones per region 
depending on the concentration of fish farming activities. Five zones are observed in the 
Brong-Ahafo region (Techiman, Dormaa, Sunyani, Tano, and Asunafo). In the Ashanti 
region, there are six zones (Atwima, Kumasi Metropolitan Area (KMA), Adansi, Sekyere, 
Amansie, and Ahafo-Offin), while the Western region comprises the Tarkwa Nsuaem, 
Jomoro, and Elembelle zones. All these zones except for Atwima and Ahafo-Offin in 
Ashanti, were purposefully selected for the survey.   
Selection of households from the aquaculture population in these regions was, 
however, random. The random selection of households from each zone was conditioned on 
the number of active fish farming households in a given zone. A list of fish farming 
households for each zone was obtained from the regional fisheries offices, from which 
random samples were drawn.7 In all, 177 fish farming households were surveyed in the 
three regions. The frequency distribution of sampled households across regions and zones 




                                                 
7  The Regional Fisheries Commissions keep record of fish farming households in the regions for 








Table 4.1: Distribution of Households across Regions by Adoption Status 
Region Zone Adopters Non dopters Total 
Brong Ahafo Asunafo 5 11 16 
 Dormaa 6 14 20 
 Sunyani 9 10 19 
 Tano 12 6 18 
 Techiman 6 8 14 
Subtotal Brong Ahafo  38 49 87 
     
Ashanti     
 Adansi 14 9 23 
 Amansie 2 6 8 
 Kumasi Metropolitan Area 9 6 15 
 Sekyere 14 0 14 
Subtotal Ashanti  39 21 60 
     
Western     
 Jomoro/Elembelle 10 8 18 
 Tarkwa Nsuaem 7 5 12 
Subtotal Western  17 13 30 
     
Total  94 83 177 
 
 
4.6 Characteristics of Fish Farming Households in Ghana 
4.6.1 Spread of Improved Feed Adoption across Regions 
The percent distribution of improved feed adoption across regions in Ghana is 
presented in Table 4.2. Overall, 53 percent of the sample used the improved feed 
technology, with uneven distribution across regions. The use of improved feed is higher in 
the Ashanti and Western regions than the Brong Ahafo region, which had less than 50 
percent adopting households. In this study, an adopter of improved feed is classified as a 








with the traditional type. This definition implies households’ commercial purchase of 
improved feed, notwithstanding those possibly received as gifts. Since the survey did not 
collect information on improved feed received as gifts either from the government, friends 
or families, all improved feeds used in the 2013 production year are assumed to have been 
purchased commercially. 
 
Table 4.2: Distribution of Improved Feed Adoption across Regions 
Region Sample (#) Non adopters (%) Adopters (%) 
 
Overall 177 47 53 
Brong Ahafo 87 56 44 
Ashanti 60 35 65 
Western 30 43 57 
 
 
4.6.2 Quantities of Feed Usage across Regions 
In Table 4.3, a descriptive summary of the quantity of improved and traditional 
feeds used, and the areas under fish farming across regions is presented. Specifically, the 
share of improved feed in total feed usage among adopters is emphasized. In the full sample 
(which comprises both adopters and non-adopters), the share of improved feed in total feed 
use is 27 percent. Restricting the sample to only adopters, the share increased to 32 percent. 
The regional disaggregation also shows high improved feed utilization in the Western 
region, both in the full (52%) and restricted (84%) samples (last column of Table 4.3). 
Table 4.3 also indicates that fish farming is more intensive in the Ashanti region, with 





















share of improved feed  in 
total feed used % 
Full Sample      
Overall 177 1.21 1,000 2,670 3,670 27 
Brong Ahafo 87 1.23 1,145 1,394 2,540 45 
Ashanti 60 1.49 805 5,336 6,141 13 
Western 30 0.57 1,114 1,040 2,155 52 
       
Adopters only      
Overall 94 1.36 1,010 2,111 3,121 32 
Brong Ahafo 38 1.31 1,145 1,607 2,753 42 
Ashanti 39 1.71 805 3,423 4,228 19 
Western 17 0.66 1,180 225 1,405 84 
Source: Author, based on 2014 fish farming household survey in Ghana 
 
4.6.3 Summary Statistics and Variables Descriptions 
A descriptive summary of salient variables used in the analyses is presented in 
Table 4.4. The variables are grouped into human, physical, institutional, and social capital 
and prices of feed inputs and fish output. In terms of human capital, the sample average 
age of household heads is about 50 years, with average years of education being 10.66. 
Experience of the household head, measured as the number of years the head has been 
involved in fish farming averages about 7 years. The standard deviation of experience in 
fish farming is 5.4 years, indicating that the aquaculture production sector in the study 
regions attract new participants, ensuring potential longevity and sustainability of 
aquaculture operations in these regions. Another important component of human capital in 
the context of improved feed adoption is off-farming activities. About 41 percent of the 
households engage in non-farm activities. In the context of this study, non-farm activities 








sources of income other than farming might be necessary to foster purchases of improved 
feed and the extent of usage. Table 4.4 also indicates that fish farming households are 
predominantly headed by males. Specifically, 90 percent of fish farming households in the 
study regions are male-headed.  
The physical capital relevant for fish production includes agricultural and fish farm 
lands, household assets such as cattle, water pumps, and reliable source of pond water. The 
sample average fish farm size operated is 1.21 acres, with corresponding agricultural land 
ownership, averaging 24.27 acres. The standard deviations are 1.77 and 53.70 acres for fish 
farm and agricultural lands respectively. Fish farm size captures the total pond area under 
fish production. Most households are engaged in crop farming, with average crop land of 
11.89 acres, a possible form of household agricultural income diversification. The land 
figures indicate less integration of fish farming into the traditional farming system, 
implying that there is room for aquaculture commercialization in the regions. Less than 
half of the sample own water pumps (44%). Water pump is vital for recirculating water in 






















Human capital    
Gender 1 if household head is male, 0 otherwise 0.90 0.30 
Age Age of household head in years 50.33 13.17 
Education Years of education of household head 10.66 4.14 
Senior high 
1 if household head has at least secondary education, 0 
otherwise 
0.42 0.49 
Household size Number of people in the household 7.93 5.38 
Family labor No. of adults above 15 years who work on fish farm 2.60 3.01 
Training No. of household members with fish farming training 0.80 0.80 
Experience Household head years of fish farming experience 6.91 5.42 
Off-farm 1 if household engages in off farm activities, 0 otherwise 0.41 0.49 
Physical capital    
Agricultural  land Total household farm lands in acres 24.27 53.70 
Crop land Total area under crop production in acres 11.89 16.26 
Fish farm size Total fish farm land in acres 1.21 1.77 
Cattle 1 if the household owns Cattle, 0 otherwise 0.06 0.24 
Water pump 1 if household owns water pump 0.44 0.50 
Water source 1 if source of pond water is river 0.51 0.50 
Institutional capital    
Extension access 
1 if household had access to fisheries extension officer, 0 
otherwise 
0.66 0.47 
Extension contact Fisheries extension contacts received in 2013 2.23 3.03 
Credit 1 if household accessed credit for fish farming, 0 otherwise 0.25 0.44 
Distance market Distance from farm to main market in km 7.97 12.41 
Distance AquaShop Distance from farm to improved feed sale point in km 51.48 68.21 
Marketing constraint 




1 if household reported improved feed access is a constraint, 0 
otherwise 
0.28 0.45 
Credit constraint 1 if household reported credit access is a constraint, 0 otherwise 0.97 0.18 
Social capital    
Fish farmers 
association 
1 if head is a member of fish farmers association, 0 otherwise 0.56 0.50 
Farmer based 
organization 
1 if head is a member of any other farmer organization, 0 
otherwise 
0.25 0.43 
Awareness 1 if head is aware of improved feed technology, 0 otherwise 0.85 0.36 
Prices    
Tilapia price Observed price of Tilapia (Ghȼkg) 5.41 0.55 
Improved feed price Observed price of improved feed (Ghȼ/kg) 2.15 0.23 
Traditional  feed price Observed price of other made feeds (Ghȼ/kg) 0.73 0.35 









Institutional capital comes in the form of support services vital for aquaculture 
operations. These support services include extension, credit facilities, and markets for fish 
outputs and inputs. The proportion of households with access to fisheries extension services 
is about 66 percent, correspondingly, average of 2.23 fisheries extension contacts in the 
2013 production year. Extension here means access to fisheries extension officers, who 
render aquaculture specific extension services to households. Innovations in aquaculture 
such as improved feed have to be disseminated to households through an efficient and 
effective extension system. Failure on the part of fisheries extension agents to effectively 
and efficiently disseminate such innovations to households could have negative 
repercussions on adoption and the extent thereof of such innovations. Since most of the 
households engage in both agriculture and aquaculture operations, the survey was 
conducted to ensure that the definition of extension is clear to the respondents, and thus 
captures aquaculture specific extension services.  
It is also evident from Table 4.4 that 25 percent of the households accessed credit 
for fish farming purposes only. As in the extension variable, the questionnaire asked about 
households’ access to credit specifically for fish farming, given that credit can be accessed 
for purposes other than fish farming. Inappropriate measurement of the credit variable 
might affect the possible conclusions to be drawn about how that variable explains adoption 
and the extent thereof in the study area. The classification of credit includes monetary loans 
as well as purchases of aquaculture production inputs on credit. Availability of, and access 
to credit might be vital for enhancing intensive and sustained adoption of the technology. 








might help sustain best feeding practices.8  The survey asked for sources of funds for fish 
farming, and credit emerged as one of the responses. Households’ sources of credit for fish 
farming include microfinance, banks and other financial institutions. Although 25 percent 
of the households accessed credit for fish farming, when asked whether access to credit is 
a constraint to fish farming, about 97 percent of the households responded in the affirmative. 
Other constraints to fish farming which potentially limit demand for improved feed include 
access to ready and reliable market for matured fish at good prices, and access to good 
quality feeds and seeds.   
The main social capital relevant for fish farming includes fish farmers associations 
(FFAs), and knowledge of the technology which is proxied by awareness. Fish farmers 
associations facilitate lateral diffusion of innovations such as improved feed in an 
aquaculture innovation system. Learning by observing behaviors of other farmers in a 
group has been an engine of agricultural innovation diffusion. The proportion of 
households whose heads belong to fish farmers’ associations is 56 percent. Moreover, 
about 85 percent of the sampled household heads are aware of the technology, a 
prerequisite for adoption to occur.  
Besides, Table 4.4 contains fish feed input, and output price information. The 
sample observed average price of Tilapia is Ghȼ5.41 per Kg, which is less than the regional 
reported average market price of Ghȼ6.5 per Kg. The difference in output price might be 
attributed to the point of sale of matured fish – most households sell at farm gate to 
                                                 
8 Biologically, fish like any animal, feeds continuously till they are harvested. Feeding occurs at least once a 
day. The quantity of feed used depends on the age of the fish, and the feed conversion ratio (FCR), but Best 
Aquaculture Management Practices suggest that, on average, about 2Kg of improved feed is applied to a 








middlemen or brokers. On the input side, the average price per kg of improved feed is 
Ghȼ2.15. Note that the price of improved feed varies across regions and districts, 
depending on the distance of the fish farm to AquaShops or feed manufacturing centers. 
The price of improved feed is also a function of the protein content of the feed. On the 
other hand, the average price of the traditional feed is Ghȼ0.73. Comparatively, improved 
feed is more than 100% pricier than the traditional feed, a potential factor to limit intensive 
use of the technology once the decision to adopt has been made. 
In the analyses that follow, feed prices used are those observed from the survey. 
Since some households used the two kinds of feeds while others used only one type, there 
were missing price information for those who did not use a particular feed. For those who 
purchased strictly positive quantities of either feed, the price is the observed price – what 
they actually paid per kilogram for a feed. Again, for households with non-positive demand 
for either feed, however, the district observed average price was assumed for them. This 
approach was employed by Ricker-Gilbert (2011) to analyze how subsidized fertilizer 
crowds out commercial fertilizer demand.  
 
4.6.4 Unconditional Welfare Outcomes by Improved Feed Adoption Status 
Descriptive comparisons of households’ welfare outcomes by improved feed 
adoption status are presented in Table 4.5. The table indicates that adopters have 
significantly more fish income per capita than non-adopters. Unconditionally, adopters 
have Ghȼ 408 fish income per capita and Ghȼ 995 per capita income more than non-
adopters. In addition, poverty is prevalent among non-adopters. Specifically, there are 








gap, which represents the depth of poverty (the average distance to the poverty line), and 
the severity of poverty, capturing the extent of inequality among the poor are also higher 
among non-adopters. 
 
Table 4.5: Comparative Economic Outcomes of Improved Feed 
Variable Unit Non adopters Adopters Mean Diff p-value Overall 
Sample size # 
83 94 
   
Fish income per capita Ghȼ 313 721 408*** 0.00 529 
Income per capita Ghȼ 1,067 2,062 995*** 0.01 1,593 
Poverty headcount  % 0.49 0.27 -0.23*** 0.00 0.38 
Poverty gap % 0.26 0.13  -0.13 
 
0.19 
Poverty severity % 0.17 0.08  -0.09 
 
0.12 
Source: Authors, based on 2014 fish farming household survey 
*** represent significant at 1 percent level 
 
4.6.5 Characteristic Differences between Adopters and Non-Adopters 
The preceding differences in the welfare outcome variables might possibly be 
explained by the technology, as well as disparities in some observable household 
characteristics. Thus, for purposes of examining the impact of the technology on household 
wellbeing, an unconditional mean difference test of covariates between adopters and non-
adopters is conducted. The statistical test results are presented in Table 4.6. Table 4.6 
reveals differences between adopters and non-adopters in terms of the human, social, 
physical, and institutional capitals explained earlier. Here, the descriptions are limited to 
variables that are significantly different between the two adoption categories.  
A number of differences exist between adopters and non-adopters that might 








education of household heads from the perspective of human capital development. On 
average, adopters are younger, but have spent more years in school than non-adopters, a 
possible explanation for a probable positive correlation between education and adoption of 
the technology, and consequently, welfare outcomes. Education is important in technology 
adoption as it helps the individual read, synthesize and understand information about the 
costs and benefits of the technology, and possible ways of the technology’s implementation 
once adoption occurs.  
The youthfulness of adopters translates directly into years of fish farming 
experience. Adopters on average are significantly less experienced than non-adopters, 
which can be interpreted in two ways – positive or negative. The sign depends on the head’s 
encounter with improved feed in the past, or his/her ability to formulate farm made feeds. 
In addition, the number of household members having had fish farming training in the form 
of workshops or formal education is significantly higher for adopters than non-adopters. 
Moreover, adopters have significantly higher agricultural and fish farm lands than 
their counterparts. In terms of scale, the data seem to suggest that households with large 
fish farms would be more likely to adopt the technology and use it intensively, than those 














Table 4.6: Characteristics of Households by Improved Feed Adoption Status 
Variable Non adopters Adopters Mean diff p-value 
Human capital 
    
Gender 0.89 0.91 0.02 0.30 
Age 52.05 48.80 -3.25** 0.05 
Education 9.98 11.27 1.29** 0.02 
Senior high 0.41 0.43 0.02 0.42 
Household size 8.34 7.56 -0.78 0.17 
Family labor 2.55 2.65 0.09 0.42 
Training 0.66 0.93 0.27*** 0.01 
Experience 7.59 6.31 -1.28* 0.06 
Off-farm 0.41 0.41 0.01 0.47 
Physical Capital 
    
Agricultural  land 18.14 29.67 11.53* 0.08 
Crop land 10.02 13.54 3.51* 0.08 
Fish farm size 1.03 1.36 0.33 0.11 
Cattle 0.10 0.03 0.07** 0.03 
Water pump 0.34 0.52 0.18*** 0.01 
Water source 0.61 0.43 -0.19*** 0.01 
Institutional capital 
    
Extension access 0.58 0.73 0.16*** 0.01 
Extension contact 1.52 2.86 1.34*** 0.00 
Credit 0.17 0.33 0.16*** 0.01 
Distance market 9.19 6.89 -2.30 0.11 
Distance AquaShop 48.20 54.38 6.18 0.27 
Marketing constraint 0.53 0.55 0.02 0.38 
Feed constraint 0.31 0.26 -0.06 0.20 
Credit constraint 0.96 0.97 0.00 0.44 
Social capital 
    
Fish farmers association 0.59 0.54 -0.05 0.26 
Farmer based organization 0.23 0.27 0.04 0.29 
Awareness 0.67 1.00     0.33*** 0.00 
Prices 
    
Tilapia price 5.38 5.44 0.06 0.25 
Improved feed price 2.00 2.29      0.29*** 0.00 
Traditional  feed price 0.70 0.75 0.05 0.17 









Adopters are also distinct from non-adopters in terms of ownership of farming 
assets such as water pump. The percentage of adopters owning a water pump is 52, 
compared to 34 for non-adopters. In a water-scarce and dry areas, ownership of a water 
pump and its accessories will enhance sustained production and subsequent adoption of the 
technology. Another household asset of importance is ownership of farm animals such as 
cattle. The proportion of adopters owning cattle in the sample is less than that of non-
adopters. Household ownership of livestock in the form of cattle can be seen as a potential 
source of finance to foster the technology’s purchase. Conversely, a household who owns 
cattle might not find it worthwhile to invest in improved feed since cattle dung is a good 
source of manure for fish ponds. Manure in ponds helps the growth of pond related 
organisms that fish can feed on.9 
Another distinguishing factor between adopters and non-adopters is access to 
extension services and the extent of access. The percentage of adopters having access to 
fisheries extension services is significantly higher (73%), than non-adopters (58%). This 
translates directly into the number of extension contacts received per year, with adopters 
receiving significantly more contacts than their counterparts. We hypothesize a positive 
effect of extension on adoption and the extent of adoption of the technology, and 
consequently welfare outcomes.  
                                                 
9 One aquaculture Best Management Practice (BMP) is to ensure that pond water content turns green using 
manure and other inorganic fertilizers. The greenness of the pond fosters the growth of phytoplankton, and 
also reduces the intensity of sun rays reaching the bottom of the pond. Phytoplankton are microscopic plants 
that are consumed by fish. The BMP is to pack the manure in sacks and deposit them into the ponds. Some 
households, however, do not follow this BMP, but rather throw the manure directly into the pond, ignoring 










Finally, adoption categories differ in terms of access to credit. The percentage of 
adopters who had access to credit is 33 percent compared to 17 percent for non-adopters. 
 
4.6.6 Length of Fish Production Cycle by Improved Feed Adoption 
In Table 4.7, a cross tabulation of improved feed adoption and the duration of fish 
production is presented. The first part of Table 4.7 considers the production cycle impact 
of adoption in the full sample. Recall that adoption is defined as those who used either 
solely improved feed or a combination of traditional and improved feeds. The average 
Tilapia production cycle is about 7 and 9 months for adopters and non-adopters 
respectively. Thus, adopters’ length of Tilapia production is significantly lower than non-
adopters. Although the catfish production cycle is shorter for adopters than non-adopters, 
there is no significant difference between the two adopter categories.  
 
Table 4.7: Variation in Production Cycles by Improved Feed Adoption 
Full Sample     
 Adopters Non adopters Difference p-value 
Tilapia production cycle 7.12 8.70*** 1.59 0.00 
Catfish production cycle 8.81 9.58 0.77 0.15 
     
Adopters only     
 
Improved feeds only Both feed types Difference p-value 
Tilapia production cycle 6.82 7.26 0.44 0.28 
Catfish production cycle 7.61 9.19* 1.58 0.07 
*** and * represent significant at 1 and 10 percent levels respectively 
 
In the second half of Table 4.7, the comparison is restricted to only adopters. A 








households using solely improved feed and those who use both feeds reveals no significant 
difference in Tilapia production cycles between the two categories of users. This might be 
attributed to the quantity of improved feed used per surface area and stocking density of 
ponds. Some households do not follow the recommended BMPs of applying an average of 
2kg of improved feed to 300m2 pond containing 1000 Tilapia. It must be noted, however, 
that the intensity of feeding and the rate of feed usage depend on the age of the fish.  
 
4.6.7 Sources of Fingerlings and Production Outcomes, by Adoption Status 
In Figure 4.1, a frequency distribution of households’ sources of seeds (fingerlings) 
by adoption status is presented. It is evident from the figure that households source seeds 
from either government hatcheries (represented at the regions by the Regional Fisheries 
Commissions), or use seeds from their own previous production. The number of 
households using seeds from their own previous production appear to be roughly uniform 
across adoption categories. Conversely, the number of households sourcing seeds from 
government fingerlings production centers appear higher among adopters than non-
adopters. Government sourced fingerlings are of good quality since the hatchery process is 










Figure 4.1: Frequency Distribution of Seed Sources by Adoption Status 
 
To explore the unconditional impact of the technology and seed source on fish 
production, a cross tabulations of seed sources and production outcomes, by adoption status 
are presented in Table 4.8 and 4.9. The tables indicate that adopters who used seeds from 
government hatcheries produce significantly more Tilapia, total fish output, and 
consequently obtain higher yields than their counterparts who use fingerlings from own 
previous production. The implication is that good quality fingerlings is complementary to 
improved feed, and therefore using improved feed with poor quality fingerlings will likely 
not result in high yields. In addition, adopters using seeds from government have shorter 








































Government seed Personal seed  Government seed Personal seed 
      
Tilapia output (kg) 2,265 873  336 358 
Tilapia production cycle (month) 7.09 7.14  10.24 7.92 
Total output (kg) 4,880 1,947  591 976 
Yield (kg/acre) 3,997 3,310  1,608 2,117 
Source: Authors, based on 2014 fish farming household survey 
 
 
Table 4.9: Mean Difference Test of Production Outcomes and Seed Source: Adopters 
 
Personal seed Government seed Difference p-value 
Fish farm size (acres) 1.36 1.36 0.00 0.50 
Tilapia production cycle (month) 7.14 7.09 -0.05 0.53 
Tilapia output (kg) 873 2,265 1,391** 0.04 
Total output (kg) 1,947 4,880 2,933* 0.05 
Yield (kg/acre) 3,310 3,999 689 0.29 
** and * represent significant at 5 and 10 percent respectively 
Source: Authors, based on 2014 fish farming household survey 
 
 
4.6.8 Fish Marketing 
The distribution of the main marketing channels for farmed fish sales are depicted 
in Figure 4.2. About 60 percent of the households sell matured farmed fish at the farm gate. 
The figure also shows that 31 percent of the households sell at the local market, and the 
rest dispose off matured fish either in the urban market or through cooperatives. The point 
of sale has implications for farm profitability, and consequently, household welfare 
outcomes. Moreover, the low per unit price of Tilapia in the study regions can possibly be 










Figure 4.2: Marketing Channels for Matured Fish 
 
 
4.7 Results and Discussion: Intensity of Improved Feed Adoption 
4.7.1 Determinants of Improved Feed Adoption Intensity 
The maximum likelihood (ML) estimates of the lognormal double hurdle model 
results of factors affecting improved feed adoption and intensity of adoption (actual 
demand) in Ghana are presented in Table 4.10. Recall that the DH model is Cragg’s 
alternative to the Tobit model that allows adoption and intensity of adoption to be 
determined in different processes, and by different factors. For a robustness check, the 
Tobit model results are also presented. Given that only 94 households adopted the 
technology, the data was truncated at zero with 94 observations, where observed zeros are 
treated as optimal choices for non-adopters. From the model diagnostics, the Pseudo R2 






































is explained by the full set of the independent variables. In addition, the Wald test is 
significant at the one percent level, indicating that the explanatory variables jointly explain 
households’ improved feed adoption decision.  
The first hurdle in Table 4.10 contains the estimated parameters of the probit model 
for factors determining household adoption decision of the technology. Hurdle two 
contains the estimated coefficients of the factors influencing the quantity of improved feed 
actually purchased and used on the farm. The adoption coefficients represent the marginal 
effects, interpreted as the probability of adopting improved feed for a unit change in 
respective explanatory variable. The marginal effects in Hurdle 2 on the other hand indicate 
how expected demand for improved feed varies, conditional on strictly positive usage, for 
changes in corresponding explanatory variable.  
Households’ decision to adopt the technology is influenced by years of education, 
experience, fish farming training, extension contacts, access to credit, fish farm size, total 
agricultural land, distance to main market, log prices, and regional dummies. The regional 
















Table 4.10: Determinants of Improved Feed Demand in Ghana 
Variable 
Double Hurdle Model  
Demand for improved 
feed: Tobit estimator 
 
Hurdle 1 




Demand for improved feed: 




Std. err.  Marginal effect Std. err.  
Marginal 
effect 
Std. err.  
Gender 0.067 0.115  0.405 0.542  0.429 0.861  
Age -0.010 0.019  0.162*** 0.056  0.007 0.126  
Age square 0.000 0.000  -0.002*** 0.001  -0.001 0.001  
Education 0.024*** 0.008  0.073** 0.034  0.159** 0.065  
Experience -0.014* 0.007  -0.037** 0.019  -0.097* 0.052  
Training 0.092* 0.048  0.195 0.155  0.384 0.313  
Off-farm -0.104 0.069  0.400* 0.242  -0.907* 0.497  
Fish farm 
sizea 
0.037* 0.020  0.136* 0.080  0.573*** 0.189  
Total Agric. 
Land 
0.001** 0.001  -0.001 0.001  0.008*** 0.003  
Extension 
contact 
0.048*** 0.013  0.079*** 0.021  0.275** 0.083  
Credit 0.183*** 0.068  0.095 0.291  1.553*** 0.531  
Distance to 
market 
-0.006** 0.003  0.007 0.008  -0.049** 0.023  
Distance 
AquaShop 
0.000 0.000  0.005 0.003  0.001 0.005  
Marketing 
constraint 
0.020 0.063  - -  - -  
River -0.159** 0.068  - -  - -  
Log Tilapia 
price 








-0.793*** 0.257  0.009 0.750  -5.394*** 1.671  
Ashanti  0.308*** 0.103  0.886*** 0.316  2.158*** 0.791  
Western  0.409* 0.180  2.549*** 0.477  4.887*** 1.336  
          
Observations 174      174   
Pseudo R2 0.30      0.10   
Wald Chi2/ F 
Statistics 
55.37      5.39   
Prob > Chi2 0.00      0.00   
*, **, and *** represent significant at 10, 5 and 1 percent respectively 









The coefficient on the extension contact variable is significant and positive in the 
adoption hurdle, indicating that an additional extension contact received increases the 
probability of adopting the technology by about 5 percentage point, all other things being 
equal. This finding provides evidence of the relevance of extension services delivery on 
improved technologies adoption. Similarly, adoption probability increases by about 18 
percent for households who had access to credit. Again, we see the role that credit 
availability and accessibility plays in facilitating the initial adoption decisions of the 
technology. Across regions, adoption increases by about 31 and 41 percent for households 
located in the Ashanti and Western regions respectively, compared to those located in the 
Brong-Ahafo region. Moreover, households who operate larger fish farms are more likely 
to adopt the technology, with adoption propensity of about 4 percentage point. Furthermore, 
we observe an inverse relationship between adoption and the distance to main market, 
ceteris paribus. This is due to the high transaction costs of transporting the feed from the 
purchase point to the farm. The results also indicate that experience decreases the 
propensity of the household to adopt the technology. The negative effect of experience on 
adoption can possibly be explained in terms of the heads ability to formulate farm-made 
feed since improved feed has not been in existence for long.  
The analysis also reveals a negative relationship between the traditional feed price 
and the initial adoption decision of the technology. Ideally, the a priori expectation should 
be positive, to reflect substitutability of the two feeds. The negative sign, however, might 
be attributed to the share of improved feed in total feed usage in a given production year. 
Moreover, the majority of the households supplement improved feed with traditional feeds 








regions of Ghana, the two feeds should be considered complementary inputs rather than as 
substitutes, especially with rising marginal cost of the improved feed. 
 The marginal effects of the factors affecting the quantity of improved feed 
purchased are presented in the second hurdle of Table 4.10 (column 4 and 5). The 
dependent variable is logarithm of total quantity of improved feed. In addition, except for 
explanatory variables with logarithmic transformations (fish farm size, and prices), all 
intensity of adoption coefficients should be interpreted as semi-elasticities.10 
The second hurdle results indicate that once the adoption decision has been made, 
the quantity of improved feed actually purchased and used on the farm is significantly 
influenced by age, education, experience, off-farm activity, the logarithm of fish farm size, 
the number of extension contacts, the expected price of Tilapia, the observed price of 
improved feed, and the regional dummies.  
A rise in own price causes the quantity of improved feed demanded to decrease. 
Specifically, a one percent increase in the price of improved feed decreases the quantity 
purchased by about 19 percent, all other factors held fixed. Improved feed prices are rising 
faster than the price of farmed fish itself. This can be attributed to the feed source (most 
improved feeds are imported and even for those produced domestically, some raw materials 
are sourced from outside the country). Thus, given unstable exchange rates in the country, 
the price of improved feed is likely to continue increasing, thereby potentially limiting the 
extent of the technology’s adoption. In effect, farm households would be more likely to 
resort to the alternative farm-made feeds. The price of traditional feed, however, influences 
                                                 








households’ initial adoption decision, but plays no role in the quantity actually purchased 
and used on the farm. The extent of adoption is also influenced by the expected price of 
Tilapia, with a one percent increase Tilapia price raising the intensity of use by about 4 
percent, ceteris paribus.  
Household involvement in non-farming activities increases demand by about 40 
percentage points. This implies the availability of other sources of household income 
besides farming would allow for channeling some of those incomes into fish farming, 
which will potentially be used for improved feed purchase. Most of these funds will 
possibly find their way into feed since feed happens to be the main variable input in fish 
farming (Ngugi et al. 2007; Engle and Neira 2005). Moreover, it can be argued that 
households who are engaged in off-farm activities will have less time to formulate their 
own feed, thereby resorting to already made feeds where possible.  
The results also reveal a negative relationship between experience and the quantity 
of improved feed used. Households demand for the technology decreases by about 4 
percentage points for each additional year of head’s experience. As indicated, experienced 
household heads might be more knowledgeable at formulating feeds at the farm-level, and 
therefore are less likely to intensively use the improved feed.  
Extension contacts also increase the intensity of adoption of the technology. This 
result follows the general trend in the literature on the impact of extension services and 
other institutional structures on adoption and intensity thereof of improved agricultural 
technologies. For instance Nkonya et al. (1997) found a positive significant effect of 








A percent increase in acres under fish farming raises the demand for the technology 
by about 15 percent, ceteris paribus. The implication is that households operating large 
fish farm sizes are more likely to intensively adopt the technology. The effect of farm size 
on adoption intensity has been mixed in the literature as Croppenstedt et al. (2003) and  
Nkonya et al. (1997) found farm size to decrease the intensive use of improved agricultural 
technologies. Ricker-Gilbert et al. (2011) and Mason and Ricker-Gilbert (2013), however, 
found a positive relationship between farm size and demand for commercial fertilizer. 
Variables such as fish farming training, agricultural land, credit access, distance to 
main market, and source of pond water influence the household’s adoption decision, but 
do not affect the quantity actually purchased and used on the farm. Similarly, age, expected 
price of Tilapia, and price of improved feed determine the quantity of the feed purchased, 
though they play no role in the initial adoption decision. 
 
4.7.2 Changes in Key Policy Variables and Probabilities of Positive Demand 
The results above indicate that education, extension, farm size, and distance to main 
market influence household’s decision to adopt the technology. In this subsection, we 
examine the extent to which these variables influence households’ propensity to use 
positive quantities of the technology. Table 4.11 displays a post estimation assessment of 
the changes in the probability of adoption for these variables. The results indicate that 
household heads who have spent 12 years in school have a 56 percent probability of using 
strictly positive quantities of improved feed. When the number of years of education falls 
to zero (i.e. the household heads who have never been to school), the propensity of positive 








importance of education at fostering improved feed adoption, and thus educated 
households are more likely to benefit from the technology, given that the technology is 
profitable. 
Access to information through frequent interaction with fisheries extension officers 
was highly significant at determining household adoption of the technology and the 
quantity purchased. Table 4.11 also indicates that households that had 10 extension 
interactions in the 2013 production year has about 85 percent probability of demanding 
positive quantities of the feed. In fact, the impact of extension is quite strong, with the 
adoption probability approaching unity for households who had 14 visits per year. 
The effect of farm size indicates that for households operating 5.1 acres, the 
probability of using strictly positive quantities of the feed increases to 66 percent, 
compared to 1.1 acres, whose intensity of adoption propensity is 52 percent. The 
implication is that households that operate larger farms are more likely to benefit more 
from the technology than those otherwise, ceteris paribus. 
The effect of transaction cost, proxied by distance, substantially decreases 
household propensity to demand positive quantities of the feed. Long distances from farm 
to the nearest point of sale of the improved feed decreases household propensity to 
purchase positive quantities of the feed, although the effect is not very strong. It is also 
evident from Table 4.11 that households located in the neighborhood of the market have 
about a 58 percent probability of purchasing strictly positive quantities. For those located 










Table 4.11: Probability of Positive Demand for Changes in Education, Extension, Fish 
Farm Size and Distance 
Years of 
education 



















0 0.284 0 0.420 0.1 0.488 0 0.577 
1 0.305 1 0.469 0.6 0.506 5 0.548 
2 0.326 2 0.518 1.1 0.524 10 0.519 
3 0.348 3 0.567 1.6 0.542 15 0.489 
4 0.371 4 0.616 2.1 0.560 20 0.460 
5 0.394 5 0.662 2.6 0.578 25 0.430 
6 0.417 6 0.706 3.1 0.595 30 0.401 
7 0.441 7 0.748 3.6 0.613 35 0.373 
8 0.465 8 0.785 4.1 0.630 40 0.345 
9 0.489 9 0.820 4.6 0.647 45 0.318 
10 0.513 10 0.850 5.1 0.663 50 0.292 
11 0.537 11 0.877 5.6 0.679 55 0.268 
12 0.561 12 0.900 6.1 0.695 60 0.244 
13 0.584 13 0.919 6.6 0.710 65 0.222 
14 0.608 14 0.936 7.1 0.725 70 0.201 
 
 
4.8 Results and Discussion: Welfare Impacts of Improved Feed 
4.8.1 Model Diagnostics: Covariates Balancing Test 
Before discussing the causal effect of improved feed technology on household 
welfare, it is important to examine the quality of the matching process in terms of the 
covariates and propensity score properties. In Figure 4.3, the distribution of propensity 
scores by treatment status and common support is presented. The figure shows that the 
common support property is satisfied, with a region of common support in the range of 
[0.1326, 0.9018]. The range of support for adopters of the technology is [0.1326, 0.9985] 
and that of the control group is [0.0198, 0.9018]. Given the common support range of 








matching analyses. These observations represent adopting households whose p-scores are 
more than the maximum p-score of non-adopters (0.9018), and adopters whose p-scores 
are less than the minimum of non-adopters p-scores (0.1326). The imposition of common 
support is also necessary to avoid bad matching. 
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NNMa Logit 0.23 0.07 55.39 15.74 0.00 0.33 23.45 14.41 39 
 
Probit 0.23 0.13 55.39 28.11 0.00 0.01 23.45 17.32 26 
NNMb Logit 0.23 0.06 55.39 13.54 0.00 0.48 23.45 10.89 54 
 
Probit 0.23 0.05 55.39 11.02 0.00 0.68 23.45 10.21 56 
KBMc Logit 0.23 0.06 55.39 13.40 0.00 0.50 23.45 12.32 47 
 
Probit 0.23 0.05 55.39 10.18 0.00 0.75 23.45 9.84 58 
KBMd Logit 0.23 0.07 55.39 15.48 0.00 0.35 23.45 14.32 39 
 
Probit 0.23 0.06 55.39 13.47 0.00 0.49 23.45 13.61 42 
a  single nearest neighbor matching with replacement and common support 
b   five nearest neighbor matching with replacement and common support 
c   kernel matching with bandwidth 0.06 and common support 
d   kernel matching with bandwidth 0.03 and common support 
Standard errors are bootstrapped using 100 replications 
 
The covariates balancing test for the relevance of the individual covariates in the 
propensity score matching procedure is presented in Table 4.12. The covariate balancing 
test was conducted using the NNM and KBM algorithms, and assuming different 
distributional specifications (logit and probit). In each test, the covariates balancing 
requirement after matching is satisfied. Specifically, the proportion of the variation in 
improved feed adoption explained by the model (from the propensity score function), 
represented by the pseudo R2, is reduced from 23 percent in the unmatched sample to 5 – 
13 percent after matching, depending on the matching algorithm, and distributional 
assumption imposed on the propensity score. Similarly, the joint validity of the full set of 
the independent variables in explaining adoption is satisfied in the unmatched sample. This 
test is represented by the LR and the corresponding p-values before and after matching. 
The joint validity of the covariates significance in the adoption model is rejected after 








same after matching, but differ only in improved feed technology status. The total absolute 
standardized bias reduction is in the range of 26 – 58 percent, suggesting that some 
observable differences in household characteristics between adopters and non-adopters that 
might otherwise bias the matching results have been eliminated. Thus, using the propensity 
scores, conditional on these covariates for the matching algorithms help estimate the impact 
of improved feed technology on fish farming households wellbeing in Ghana, albeit 
unobservable factors.  
 
4.8.2 Average Treatment Effects of the Technology 
In Tables 4.13 – 4.14, the estimates of the average treatment effects of improved 
feed technology on fish income and poverty status are reported. The estimates of both the 
NNM and KBM are presented for the different distributional assumptions. The results 
indicate that the adoption of improved fish feed exerts a positive and significant effect on 
fish income, and a significant negative effect on poverty headcount among fish farming 
households in Ghana. In particular, after conditioning on observable covariates and 
eliminating possible differences in household characteristics that might bias the adoption 
impact, the average treatment effect of the technology on fish income is in the range of 373 
– 429 Ghana cedis (US$ 405 – 466). From the definition of average treatment effect on the 
treated, the result implies that after controlling for observable covariates, improved feed 
increases fish income by 373 – 429 Ghana cedis. These values represent the impact of the 
technology on similar households who only differ in improved feed technology status. 
Similarly, improved feed technology reduces the proportion of households falling below 








that the impact of the technology is stable across the different distributional assumptions 
of the propensity score. Thus, the magnitude of the technology’s effect on household 
welfare outcomes is similar across the logistic and normal distributions. Moreover, the 
impact shows little variation across the two matching algorithms – NNM and KBM. 
 
Table 4.13: Improved Feed Impact on Fish Income and Poverty, and Rosenbaum 
Sensitivity Analysis (Logit) 
Matching 
algorithm 










        
NNMa 
Fish income per 
capita 
750.78 324.92 425.86*** 143.76 0.00 2.45 
 Poverty headcount 0.23 0.50 -0.27*** 0.08 0.00 2.00 
        
NNMb 
Fish income per 
capita 
750.78 354.64 396.14*** 134.96 0.00 2.10 
 Poverty headcount 0.23 0.46 -0.23** 0.11 0.04 2.00 
        
KBMc 
Fish income per 
capita 
750.78 339.26 411.52** 135.34 0.00 2.30 
 Poverty headcount 0.23 0.46 -0.23** 0.12 0.05 2.05 
        
KBMd 
Fish income per 
capita 
744.10 322.62 421.48*** 144.28 0.00 2.40 















Table 4.14: Improved Feed Impact on Fish Income and Poverty, and Rosenbaum 
Sensitivity Analysis (Probit) 
Matching 
algorithm 










        
NNMa 
Fish income per 
capita 
753.38 324.17 429.21*** 152.70 0.01 2.45 
 Poverty headcount 0.22 0.49 -0.27*** 0.08 0.00 1.90 
        
NNMb 
Fish income per 
capita 
753.38 380.60 372.78*** 142.21 0.01 1.85 
 Poverty headcount 0.22 0.45 -0.23** 0.11 0.04 1.90 
        
KBMc 
Fish income per 
capita 
753.38 353.29 400.10*** 134.86 0.00 2.20 
 Poverty headcount 0.22 0.46 -0.24** 0.11 0.04 2.00 
        
KBMd 
Fish income per 
capita 
749.29 329.77 419.52*** 150.73 0.01 2.35 
 Poverty headcount 0.23 0.45 -0.22* 0.12 0.07 2.15 
 
 
4.8.3 Sensitivity Analysis and Robustness Checks 
Recall that PSM controls for only observable household characteristics, and thus, 
unobservable factors that affect selection into treatment could bias the impact results. It is 
therefore important to examine the extent to which unobservable factors may bias the 
results and undermine the impact of the technology on poverty and fish income in Ghana. 
For this purpose, a Rosenbaum (2005) bound sensitivity analysis (rbounds in Stata) on 
hidden bias was conducted, and the results are reported in the last column of Tables 4.13 – 
4.14.  These values represent the levels of hidden bias at which the causal inference of 
improved feed impact on fish income and poverty levels would not be robust. For instance, 








but differ in their odds of improved feed adoption by 15 – 45 percent, then the technology 
effect on welfare outcome might be questionable.  
To further verify the robustness of improved feed impact on household welfare in 
the Ashanti, Brong Ahafo and Western regions of Ghana, we check the sensitivity of the 
results to changes in the specification of the propensity score function (Smith and Todd 
2005; Kassie et al. 2011). Two separate specifications were estimated. In the first, the 
square of age is included as an additional covariate in the propensity score equation. Both 
the squares of age and education were added to the list of covariates in the second 
specification. The analysis was conducted using the five NNM approach, and assuming a 
logistic distribution for the propensity score function.  
Table 4.15 reports the sensitivity results for the two propensity score specifications. 
The qualitative results (covariates balancing tests) are similar across the two specifications. 
It is also evident from Table 4.15 that the impact of the technology on fish income and 
poverty headcount are robust to the specification of the propensity scores, ranging from 
326 to 375 Ghana cedis (US$ 354 to 408) for fish income, and 22 percentage points for 
poverty. The sensitivity analysis results justify the conclusion that improved feed 
technology impacts on household welfare outcomes are robust to changes in the 












Table 4.15: Impact of Adoption on Fish Income and Poverty Headcount for Different 
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1.3 
The values in parenthesis under column three are the bootstrapped standard errors. 
 
4.9 Conclusions and Policy Implications 
This study provides empirical analyses of the adoption intensity of improved feed 
technology, and welfare impacts in the Ashanti, Brong Ahafo and Western regions of 
Ghana. Two specific issues related to technology adoption were examined using data 
obtained through a cross-sectional survey of fish farming households in 2014. The first 
specific issue which involves identifying the determinants of adoption of improved feed, 
and the extent of usage was estimated using a double hurdle modeling framework. Second, 
the impact of the technology on household welfare (fish income and poverty status) was 
examined using propensity score matching techniques.  
 The data indicate differences in improved feed adoption across the three regions. 
About 53 percent of the sampled households adopted the technology, with uneven 
distribution across the regions. In addition, the data shows vast differences in some 








households to self-select into the improved feed adoption category, rather than being 
randomly assigned to adoption.  
The results of the double hurdle model indicate that households’ adoption of 
improved feed technology in the Ashanti, Brong Ahafo and Western regions of Ghana is 
explained by fish farm size, total agricultural land, credit access, extension contacts, 
distance from farm to main market, education, experience, and geographical location of the 
household. Moreover, the quantity of improved feed purchased commercially is facilitated 
by increased education, experience, fish farm size, extension contacts, and Tilapia price; 
reduction in improved feed prices; household involvement in non-farming activities; and  
the regional location of households. Across regions, the results show high rates of adoption 
and intensity of use in the Western and Ashanti regions, relative to the Brong Ahafo region. 
After controlling for observable household characteristics (randomizing the data), 
the study finds robust impact of improved feed technology on fish income and poverty 
levels in the study regions. The impact of the technology on poverty is, however, not as 
pronounced as its impacts on fish income. 
The overall conclusion of this study is that the adoption of improved feed 
technology in Ghana has income increasing and poverty reducing effects on households. 
Thus, improved fish feed technology should be seen as an avenue for households to 
generate income as well as fish-farm their way out of poverty. The findings in this study 
follow the widely accepted belief that improved agricultural technologies can raise 
household income and reduce the possibility of households falling below a specified 
poverty line. These notwithstanding, complementary measures are necessary if the full 








technology, these complementary measures include education, effective and efficient 
extension services delivery, larger farm sizes, and good quality seeds. The contribution of 
these factors to improved feed adoption and the extent thereof is relevant. 
A policy intervention to encourage adoption and intensity of use would be to 
substantially reduce the price of improved feed to facilitate procurement, distribution and 
access by all stakeholders in the improved feed value chain. This will help ensure that the 
share of improved feed in total feed usage increases for high yields. In addition, making 
improved feed accessible to households located in areas with high poverty rates is 
recommended. Moreover, in order to increase adoption of the technology and boost 
household income and reduce poverty, it is important to allocate enough resources to 
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CHAPTER FIVE: CONCLUSIONS AND POLICY IMPLICATIONS 
5.1 Conclusions 
Aquaculture is a means of supplementing capture fisheries production, as well as a 
potential pathway to improving the livelihoods of rural smallholder households. For 
aquaculture to contribute significantly to agricultural and rural development, there is a need 
to identify and adopt productivity increasing technologies at the farm level. It is well 
established through partial budgeting that modern, pelletized floating feeds are profitable 
and represent improvements over traditional feed in Ghana and Kenya. Against this 
background, many governments, and development partners have instituted measures to 
promote aquaculture best management practices (BMPs) to fish farming households, with 
improved feeds as one of the BMPs. In Kenya for example, the government instituted an 
aquaculture specific development program in 2009 as part of the ESP, with fish pond 
construction, feed and seed distributions, and aquaculture producer capacity building. The 
government of Ghana has also implemented various interventions in the aquaculture sector, 
the most recent being the Ghana National Aquaculture Development Plan in 2010. Again, 
aquaculture development partners such as the AquaFish Innovation Lab implemented 
productivity enhancing BMPs to farmers in Ghana and Kenya over the same period.  
A major variable input in any fish farming enterprise is feed, and thus, 








welfare outcomes, given that improved feed technology is profitable and households 
intensively adopt it. The preceding leads to the following research questions. What are the 
factors influencing adoption and intensity of adoption of improved fish feed technology in 
Ghana and Kenya? Specifically for Kenya, does the government’s feed subsidy program 
affect households’ decisions to purchase improved feed commercially, and the quantity 
actually purchased? What are the impacts of the technology on household welfare in these 
countries? These are the questions addressed in this dissertation. 
This dissertation addressed three specific issues relevant to aquaculture 
development in the two countries. First, the study examined the demand for improved fish 
feed technology in the presence of a subsidy program in Kenya, using a lognormal double 
hurdle modeling framework. Second, the dissertation examined the impact of improved 
feed technology on household welfare, focusing on fish income and poverty status in 
Kenya, using the propensity score matching technology. Finally, the factors affecting 
adoption and the intensity of adoption were identified for Ghana. The welfare impact of 
the feed technology (fish income and poverty headcount) was also examined for Ghana.  
The data used for this dissertation comes from a fish farming household survey in 
Ghana and Kenya, with purposeful selection of specific aquaculture producing regions in 
each country. The survey was conducted in January – April 2014, and was focused on the 
2013 production year. In Ghana, the Ashanti, Brong Ahafo and Western regions were 
purposefully selected; while the Rift Valley and Western regions were purposefully 
sampled in Kenya. Although the emphasis of this dissertation is not on cross-country 
comparison of aquaculture, the conclusion attempts to contrast the findings in Ghana with 








results across the countries. Overall, 177 and 198 households were randomly sampled from 
the aquaculture population in Ghana and Kenya respectively. The data indicate that 53 
percent of the sampled households in Ghana adopted the technology, compared with 47 
percent in Kenya. There were also disparities in the technology’s adoption and intensity of 
use across the different regions in the countries. Conversely, the data showed little variation 
in aquaculture operations, in terms of input choices, cultured species, management 
practices, marketing, and constraints to fish farming. Fish farm sizes (pond surface area) 
vary substantially across the two countries. Fish farmers in Ghana, on average operate 
about 1.21 acres, while those in Kenya operate 0.16 acres. The areas under fish farming in 
the study countries indicate that fish farming is less integrated into the traditional farming 
systems, though the countries have substantial potentials for aquaculture expansion. There 
is, therefore room for aquaculture intensification in Ghana and Kenya, and consequently, 
possible adoption of improved technologies such as feed. 
The data appears to suggest that improved feed adopters obtain significantly more 
fish income and less poverty headcount than non-adopters across the two countries. Thus, 
the data seem to provide evidence that the feed technology contributes to improved 
household welfare in the two countries. These notwithstanding, we observed differences in 
feed input cost and output prices across the two study countries that affect the technology’s 
take-up and the extent thereof. At 2013 purchasing power parity exchange rate (US$1.00 
= Ghȼ0.92 and KShs38.00 for Ghana and Kenya respectively), the data indicates that 
improved feed costs more in Ghana (US$2.34/Kg), than in Kenya (US$1.92/Kg). Similarly, 








of Kenya (US$5.50). Feed constitutes 30 – 80 percent of the total variable cost of fish 
production. 
To promote the technology to other countries in the sub-region and scale it up to 
other regions of the countries, it is important to understand the underlying factors for the 
feed’s adoption. Given the government’s improved feed distribution program in Kenya, it 
is also imperative to account for the impact of the subsidized feed program on households’ 
commercial purchases, and the quantity actually purchased. After controlling for the causal 
effect of government subsidized feed in improved feed market participation and the extent 
of participation, we find evidence that the subsidized feed reduces substantially, the 
likelihood of household to purchase improved feed commercially. The feed subsidy 
program, however, increases the quantity of the feed purchased, once the initial 
participation decision has been made.  
In addition, the findings are that improved feed market participation in the study 
regions of Kenya is fostered by larger fish farm sizes, access to output markets, improved 
access to aquaculture extension services, and improved education opportunities. Similarly, 
the quantity of improved feed purchased commercially and used on-farm in Kenya is 
facilitated by increased fish farming experience, increased agricultural land ownership, 
reduced price of improved feed, water pump ownership, and the regional location of 
households. The factors influencing adoption of improved feed technology in Ghana are 
similar to those of Kenya. For instance, households whose heads have spent more years in 
school, members have received some training in fish farming, operate larger fish farms and 
own larger agricultural lands, face higher prices for traditional feeds, received more 








more likely to adopt the technology. Similarly, the factors that induce intensity of adoption 
of improved feed in Ghana include education, experience, extension contact, low and high 
prices for feed input and fish output respectively, and regional locations of the households.  
The PSM results also show similarities in improved feed impact on household 
welfare across the study countries. After controlling for observable household 
characteristics, the study finds a positive impact of the technology on fish income, and a 
negative effect on the proportion of households whose per capita income falls below the 
specified poverty line of US$1.90 per person per day. The qualitative results are similar 
across the two countries. Quantitatively, the poverty reduction effect of the technology was 
22 – 27 percentage points for Ghana, and 20 – 37 percentage points for Kenya. Thus, the 
technology has higher poverty reducing effect in Ghana than in Kenya. This could be 
attributed to the intensive nature of aquaculture operations, and the quantity of improved 
feed used per pond surface area in Ghana. The results of the impact of the feed technology 
on household welfare outcomes are less sensitive to changes in unmeasured variables that 
could possibly affect further adoption of the technology. Overall, the technology is 
effective at improving household welfare in the study countries. Specifically for Kenya, 
we find evidence that the technology is most favorable to households operating an average 
of a single pond. This is not surprising since households operating a single pond are better 
able to manage the fish farm operations, especially the quantity of improved feed used per 










This dissertation provides empirical evidence of the relevance of improved 
technologies in aquaculture, and the need to promote the adoption of improved feed 
technology in Ghana and Kenya. The findings in this dissertation follow the widely 
accepted belief that improved agricultural technologies can raise income, and lift people 
out of poverty. These notwithstanding, complementary measures are necessary to facilitate 
the adoption and intensity of adoption of the technology in Ghana and Kenya. 
First, there was evidence that the subsidy program increases the quantity of 
improved feed purchased commercially in Kenya. It is however, unclear how sustainable 
improved feed demand will be, once the subsidy program is terminated. It is therefore 
important that the government adopts a smooth transition to terminating the subsidy 
program. This can be accomplished by gradually contracting the percentage of the feed 
subsidy given to fish farming households overtime. 
Second, the study finds education and extension programs to be important 
instruments for promoting improved feed technology in the study areas. In line with this, 
there is a need for governments to adequately resource aquaculture extension officers to 
enhance their continuous interactions with fish farmers, and the dissemination of the 
technology in the study countries. Access to extension services is limited in the countries, 
though the government’s ESP on aquaculture has helped improve aquaculture extension 
services delivery in Kenya. In addition, fisheries/aquaculture extension officers should be 
encouraged to constitute part of the leadership of fish farmers’ organizations. Moreover, 








Third, providing improved feed price incentives in the form of reduction in the 
tariffs on imported feeds to households could foster adoption and intensity thereof in the 
study areas. The price of improved feed has been rising substantially, given the unstable 
exchange rates in the two countries. With rising cost of improved feed, adoption and 
intensity of use might possibly not occur, and the full economic impact of the technology 
may be hampered.  
Fourth, there is a need to make the feed accessible to households in nearby locations. 
This is especially important at effectively reducing the transaction cost of accessing the 
feed. Increased transaction costs, coupled with the high price of the feed, would serve to 
motivate households to substitute the traditional type.  
Finally, it is important to create market opportunities for households to sell matured 
fish at reasonable prices. The study observed that households sell matured fish at the farm 
gate to brokers, receiving lower than the average market price for a kilogram of the matured 
farmed fish. A possible intervention is to encourage fish farmers to sell their produce 
through the cooperatives, since the associations are better at negotiating prices for their 
members. In addition, the establishment of cold stores at vantage points within or near 
production centers would be vital at ensuring that farmers are able to store harvested farmed 
fish for future sales, especially if they are not able to sell at reasonable prices at harvest. 
 
5.3 Limitations and Suggestions for Future Research 
The findings in this dissertation have some important limitations that need further 
elaborations going into the future. First, the use of per capita income to estimate poverty 








technology on household food consumption. Although the study focused on adoption-
induced effect of fish income and poverty status, it is suggested that future study looks at 
the direct effect of the technology on household consumption expenditure. In addition, 
future studies in this area could examine the indirect effect of the technology on household 
welfare outcomes such as nutrition, employment, and health.  
Second, the dissertation focused on a cross-section of households and selected 
regions of the study countries. To strengthen the internal validity of the study, it is 
suggested that future research looks at the space-time dimension of the technology, 
especially in the context of short to medium term relevance of the technology. Future 
studies can extend beyond the selected regions by increasing the sample size, especially in 
Kenya, where there has been a huge public investment in aquaculture over the past few 
years. This could also help conduct regional level analysis of the adoption intensity, and 
the welfare impacts of the technology.  
Finally, given the high transaction costs of having to travel several kilometers in 
order to access the feed in some regions, future study can explore whether the establishment 
of improved feed production firms near fish farming clusters increases demand, and 
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